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ABSTRACT 

We  wish  to  report  the  discovery  of  anti-arrhythmic  substances  with  quinidine-like 
activity  in  the  resmrection  fern.  This  is  the  first  report  of  a  pharmacodynamic  study  of  this 
attractive  native  fern.  Botanically,  it  isidentified  as  Polypodium  polypodioides  L.Watt. 
Folkloric  reports  of  the  use  of  this  fern  to  treat  hypertension  and  heal  sore  mouths  and  wounds 
prompted  this  investigation.  Resurrection  fern  plants,  harvested  from  hard  wood  trees  in  the 
vicinities  of  Oxford,  MS  and  Auburn  AL,  were  cleaned,  air  dried  and  pulverized.  A  variety  of 
fractions  were  separated  from  ethanol  extracts  of  this  plant  material.  Cardiac  active  fractions 
were  identified  by  continuous  frog  heart  perfusion  procedures.  Effects  of  active  fractions  upon 
isolated  rabbit  atria  were  measured.  The  stimulation  frequency,  in  beats/min.,  and  the 
maximum  following  frequency  were  recorded.  Thus  anti-arrhythmic  activity,  resembling 
quinidine,  was  discovered.  Research  directed  toward  isolating  and  determining  structures  of 
active  principles  is  in  progress.  It  has  been  established  that  the  active  principles,  unlike 
quinidine  and  some  other  anti-arryhthmic  substances,  do  not  contain  nitrogen  in  their  structures. 

Wound  healing  reports  were  not  verified.  Each  of  the  extracts  failed  to  exhibit 
antimicrobial  activity  against  Gram-positive  or  Gram-negative  bacteria,  molds  or  yeasts. 

Key  words  Antiarrhythmic,  antimicrobial.  Polypodium  polypoidiodes,  quinidine-like,  and 
resurrection  fern. 
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INTRODUCTION 

The  resurrection  fern.  Polypodium  polypodioides,  a  native  American  plant,  is  found 
as  far  north  as  southern  Illinois  and  Virginia  and  as  far  south  as  northern  Argentina.  Similar 
plants  have  been  described  in  southern  Africa.  It  is  an  epiphyte  typically  found  attached  to 
the  larger  branches  and  trunk  of  forest  trees.  It  may  be  found  also  growing  on  rocks  or  on  the 
ground.  It  is  small,  2-6  inches  tall,  and  often  grows  in  clusters.  It  acquires  nutrients  from  soil, 
dust  and  rain.  Dry  grey  curled  fronds,  observed  during  brief  dry  spells,  resurrect  to  form  an 
attractive  soft  green  mat  after  a  rain. 

The  genus  name.  Polypodium,  means  “many  footed.”  and  refers  to  the  branched 
root  which  is  characteristic  of  the  genus.  Although  pharmacodynamic  studies  on  several 
species  in  this  genus  have  been  published,  we  are  aware  of  none  on  this  species.  We  had 
learned  of  foikloric  uses  which  included  treatment  of  hypertension  in  Puerto  Rico  (Melendez 
1964)  and  cardiac  arrhythmia  in  Peru  (Pace  1966),  and  later  of  treatment  of  cardiac 
arrhythmias,  hypertension,  wounds  and  sore  mouths  in  South  America.(Croom  1989).  A 
related  species.  Polypodium  amoenum  Wall,  is  used  as  an  oral  antiseptic  in  Taiwan. 

We  elected  to  investigate  possible  anti-arrhythmic  and  antimicrobial  activities  of 
the  resurrection  fern  because  of  its  folklore  and  the  need  for  new  types  of  lead  compounds 
with  these  activities.  The  anti-arrhythmic  assays  were  implemented  specifically  for  this 
plant.  Antimicrobial  studies  are  conducted  routinely  in  our  laboratory  on  every  new  natural 
product. 

Among  the  many  natural  products  found  beneficial  in  treating  cardiac  problems  are 
digitalis,  quinidine.  L-camitine,  coenzyme  Q10  (CoQlO,  ubiquinone),  omega-3  fatty  acids 
(flax  seed  oil  and  fish  oil),  garlic  and  hawthorn.  Each  acts  by  a  separate  mechanism, 
addressing  special  needs,  and  complementing  prescription  drugs. 

The  most  familiar  antimicrobial  natural  products  are  the  antibiotics,  the  majority  of 
which  were  discovered  in  microorganisms.  Much  of  the  55%  increase  in  life  expectancy  of 
Americans  during  the  last  century  has  been  credited  to  antimicrobial  substances. 

METHODS 

Leaves,  stems  and  roots  of  the  fern,  Polypodium  polypodioides  L.  Watt  (7.7  kg), 
were  air  dried  and  powdered  in  a  hammer  mill.  A  95%  ethanol  extraction  of  100  g  of  fern 
yielded  20.8  g  after  percolation,  solvent  removal  under  vacuum,  and  freeze  drying.  The 
ethanol  extract  was  partitioned  between  chloroform  and  water.  The  chloroform  soluble 
fraction  was  partitioned  between  10%  aqueous  methanol  and  hexane.  The  water-soluble 
fraction  was  separated  further  into  ethyl  acetate-soluble  and  water-soluble  fractions. 

Frog  Heart  (in  situ)  Continuous  Perfusion  Technique  (Burn  1952) 

Frogs  of  the  genus  Rana  were  pithed  doubly.  The  heart  was  dissected  free,  after 
removal  of  chest  plate,  and  connected  by  means  of  a  hook  to  a  "B"  myograph.  Impulses  from 
the  myograph  were  fed  into  an  E  and  M  physiograph  and  recorded  on  a  moving  paper.  The 
force  of  contraction  was  determined  by  measuring  the  height  of  the  tracing  in  cm.  The  rate 
was  counted  as  the  number  of  heart  beats  in  unit  time. 

Frog  Ringer’s  solution  containing  9  g  NaCl,  0.42  g  KCl,  0.24  g  CaCl2,  0.5  g 
NaHC03  and  1.0  g  dextrose  in  1  liter  of  distilled  was  was  perfused  through  the  inferior  vena 
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cava  by  means  of  a  cannula.  After  rate  and  height  were  stabilized,  extract  solutions  were 
infused  by  injecting  into  the  cannula. 

Isolated  Rabbit  Atria  Technique  (Turner  1965) 

After  sacrificing  the  rabbit,  the  entire  heart  was  quickly  transferred  to  Ringer’s 
solution,  and  allowed  to  beat  about  one  minute  to  free  chambers  from  blood.  The  heart  was 
then  transferred  to  a  deep  Petri  dish  containing  warmed  Ringer’s  solution  aerated  with  a  gas 
mixture  of  95%  oxygen  and  5%  carbon  dioxide.  Adipose  and  connective  tissue,  pericardium, 
and  ventricles  were  carefully  and  completely  removed  until  nothing  was  left  but  atria. 

The  right  atrium  was  tied  to  the  glass  aerating  support  tube.  Platinum  tipped 
stimulating  electrodes,  fabricated  from  24  gauge  platinum  wire,  were  inserted  into  the  tissue 
and  the  whole  assembly  transferred  to  an  overflow  isolated  organ  bath  containing  Ringer’s 
solution  and  maintained.  Platinum  electrodes  were  inserted  into  the  tissue  and  square  wave 
pulses  were  delivered  to  the  electrodes.  The  atria  were  allowed  to  beat  until  the  rate  was 
stable,  which  required  about  one  hour.  The  rate  was  determined  every  5  min.  and  the  bathing 
solution  changed  every  ten  min.  The  normal  rate  was,  220  to  240  and  considered  stable  when 
not  varying  more  than  6  beats/min. 

Rate  and  height  were  measured  10  minutes  after  replacing  bathing  solution  with  drug 
solution.  Square  wave  pulses  were  delivered  electrically  by  the  Grass  S  44  stimulator. 
Stimulation  frequencies  were  steadily  increased  until  the  atria  failed  to  follow  the  stimulus. 
The  stimulation  frequency  just  preceding  the  frequency  of  stimulation  at  which  atria  failed  to 
follow  was  taken  as  the  maximum  following  frequency. 

Antimicrobial  Screening 

Microorganisms  were  obtained  from  the  American  Type  Culture  Collection  (ATCC). 
They  were  screened  by  procedures  previously  reported  from  our  laboratory  (Smith  1962, 
Doorenbos  1965) 

RESULTS 

The  results  achieved  in  the  various  experiments  were  consistent.  Data  presented  are 
the  average  of  multiple  repeated  experiments. 

Screening  the  95%  Ethanol  Extract  on  Frog  Hearts  (Continuous  Perfusion) 

Frog  Ringer’s  solution  containing  9  g  NaCl,  0.42  g  KC1,  0.24  g  CaCb,  0.5  g  NaHCOa 
and  1.0  g  dextrose  in  1  liter  of  distilled  was  was  perfused  through  the  inferior  vena  cava  by 
means  of  a  cannula.  After  rate  and  height  were  stabilized,  extract  solutions  were  infused  by 
injecting  into  the  cannula. 

Ethanol  extract,  prior  to  removal  of  any  solvent,  was  found  to  be  active.  It  reduced 
heart  rate  8%  and  the  height  of  contraction  6  %.  Treatment  with  10  mg  of  the  ethanol  extract, 
after  solvent  removal,  reduced  heart  rate  36%  and  height  of  contraction  63%.  This  extract  was 
partitioned  between  chloroform  and  water.  The  water  extract  was  recovered  from  the  aqueous 
fraction  by  freeze  drying.  The  chloroform  extract  was  obtained  by  solvent  evaporation.  The 
active  components  were  recovered  in  the  water  fraction.  The  chloroform  fraction  was 
completely  inactive. 


3 


Polypodium  polypodioides 


Examination  of  the  Nature  of  the  Cardiac  Depressant  Effect 

The  pharmacologic  effects  of  the  ethanol  and  water  extracts  on  frog  hearts  were 
similar  to  that  of  quinidine,  an  alkaloid  drug  in  current  use  for  the  treatment  of  heart 
arrhythmias.  The  anti-arrhythmic  effect  of  quinidine  is  better  demonstrated  on  rabbit  atria  in 
which  arrhythmia  is  induced  electrically  (Turner  1965).  Quinidine  inhibits  the  maximum 
following  frequency.  The  water-soluble  fraction  was  found  to  inhibit  maximum  following 
frequency  in  the  isolated  rabbit  atria  by  32%  at  a  concentration  of  0.8  mg/ml. 

Effects  on  Rabbit  Atria  of  Separated  Components  of  Aqueous  Fraction 

The  aqueous  fraction  was  chromatographed  on  Polyamide.  Acetone  and  methanol 
eluates  were  collected.  The  original  aqueous  fraction,  acetone,  and  methanol  eluates  were 
compared  on  rabbit  atria  for  reduction  in  maximum  following  frequency.  Aqueous  fractions 
in  concentrations  of  0.23  mg/ml  and  0.68  mg/ml  produced  6.13%  and  22.45%  reductions  in 
maximum  following  frequency,  respectively.  The  acetone  eluate  in  concentrations  of  0.4 
mg/ml,  0.8mg/ml.  and  1.2  mg/ml  produced  10%,  20%  and  35%  reductions  of  the  maximum 
following  frequency.  Methanol  eluate  in  a  concentration  of  1.3  mg/ml  produced  a  33.4% 
inhibition  of  maximum  following  frequency.  The  height  of  contraction  was  reduced  75%. 

A  larger  quantity  of  the  aqueous  fraction  was  chromatographed  on  Polyamide  and  a 
narrow  chromatographic  gradient  elution  was  performed.  Material  eluted  with  the  methanol- 
acetone  mixture  exhibited  negative  inotropic  and  slight  negative  chronotropic  effects  in  frog 
hearts  at  a  dose  of  2  mg.  .  Material  eluted  with  acetone  produced  in  the  frog  heart  a  negative 
inotropic  effect  (50%)  and  a  negative  choronotropic  effect  (40%)at  a  dose  of  2  mg.  These 
effects  persisted  for  many  minutes. 

Purification  of  Material  from  the  Acetone  Eluate  and  its  Effect  on  the  Frog  Heart 

The  acetone  eluate  was  purified  by  preparative  thin  layer  chromatography  on  silica  gel 
with  ethyl  acetate  as  the  developing  solvent.  Some  separation  did  occur.  The  more  polar 
substance(s),  which  remained  closer  to  the  starting  line,  did  not  show  any  depression  on  the 
frog  heart.  Substances  close  to  the  solvent  front  exhibited  the  typical  quinidine-like  effect  on 
frog  hearts  with  decreases  in  both  rate  and  force  of  contraction.  The  ethyl  acetate  concentrate 
from  the  preparative  TLC  was  further  separated  by  column  chromatography  on  silica  gel. 
Non-polar  components  were  eluted  with  benzene.  More  polar  components  were  eluted  with 
5%  ethyl  acetate  in  benzene  followed  by  ethyl  acetate.  More  than  600  one  ml.  fractions  were 
collected. 

Effects  of  Column  Chromatography  Fractions  on  Frog  Hearts 

Combined  fractions,  eluted  with  5%  ethyl  acetate  in  benzene,  showed  a  prolonged 
negative  chronotropic  effect  (75%  decrease  in  heart  rate)  on  frog  heart  in  doses  ranging  0.8  to 
1.25  mg.  Fractions  eluted  with  ethyl  acetate  exhibited  a  prolonged  negative  inotropic  effect 
(decrease  in  the  force  of  contraction)  on  frog  heart  in  doses  of  0.2  mg  and  0.4  mg.  Material 
present  in  these  fractions  had  no  effect  on  heart  rate.  The  weight  of  extracts  eluted  with  5% 
ethyl  acetate  in  benzene  and  ethyl  acetate  had  a  ratio  of  2:3.  When  these  extracts  were 
recombined  in  the  same  ratio,  identical  decreases  in  heart  rate  and  force  of  contraction  were 
reproduced  in  frog  hearts. 
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Antimicrobial  Screening  of  10%  Aqueous  Methanol  Soluble  and  Ethyl  Acetate  Soluble 
Fractions 

Extracts  were  screened  against  the  following  cultures  (Smith  1962): 


Staphloccocus  aureus  6538 

Escherichia  coli  10536 

Pseudomonus  aeurginosa  1 5442 

Bacillus  subtilis  6633 

Mycobacterium  smegmatis  14468 

Aspergillus  niger  1 1 394 

Saccharomyces  cerevisiae  9763 

Candida  albicans  1 023 1 


None  of  the  fractions  had  any  significant  anti-microbial  activity. 

CONCLUSIONS 

These  studies  established  that  the  resurrection  fern.  Polypodium  polypodioides  L. 
Watt,  contains  substances  with  quinidine-like  anti-arrhythmic  activity.  Evidence  for  the 
presence  of  two  or  more  active  ingredients  was  found.  These  substances,  once  their  chemical 
structures  are  established,  could  become  leads  for  the  development  of  new  anti-arrhythmic 
drugs.  No  evidence  of  antimicrobial  activity  was  found  in  any  of  the  extracts.  Current 
investigations  are  utilizing  HPLC  for  separation  and  purification  of  active  components. 
Active  components  will  be  evaluated  on  mammalian  hearts. 
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ABSTRACT 

Pit  membranes  with  thickenings  known  as  tori  have  been  located  in  pit  pairs  of  water¬ 
conducting  cells  in  the  wood  of  Planera  aquatica.  The  tori  are  best  developed  in  latewood 
conducting  cells.  In  general,  tori  appear  wider  than  their  associated  pit  apertures  and  would 
provide  an  effective  seal  to  prevent  air  embolisms  from  destroying  water  columns  within  the 
tree.  Tori  are  associated  with  a  suite  of  characters  in  the  latewood  conducting  cells  including 
narrow  cell  diameters  and  distinct  helical  wall  thickenings.  Cells  possessing  these  features  are 
thought  to  provide  a  reserve  water  conducting  system  with  an  adequate  conducting  rate  and  a 
high  safety  factor. 


INTRODUCTION 

Tracheary  elements  (vessel  elements  and  tracheids)  are  cells  specialized  for  long 
distance  conduction  of  water  in  plants  (Esau,  1 977).  These  cells  are  connected  one  to  another 
by  special  structures  known  as  pit  pairs.  Each  pit  pair  consists  of  a  modified  wall,  known  as  a 
pit  membrane,  flanked  on  either  side  by  a  pit  border  containing  an  opening  (or  aperture)  that 
provides  access  to  an  adjoining  cell  lumen  (Dute  et  al.,  2001).  Water  moves  from  one  cell 
lumen  to  another  by  passing  first  from  the  lumen  through  an  aperture,  then  through  the  pit 
membrane,  then  the  other  aperture  and  finally  into  the  neighboring  cell  lumen.  Thus,  bordered 
pit  pairs  provide  passageways  for  water  moving  from  cell  to  cell. 

Pit  pairs  have  a  second  function,  and  this  is  to  maintain  continuity  of  water  columns. 
Introduction  of  vapor  bubbles  (cavitation)  that  leads  to  air-filled  conducting  channels 
(embolism)  could  quickly  eliminate  water  movement  throughout  a  plant  (Tyree  &  Sperry, 
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1989).  This  loss  of  water  conductance  is  especially  serious  in  woody  plants  which  do  not 
refill  embolized  channels  as  rapidly  as  herbs  (Tyree  &  Sperry,  1989). 

One  mechanism  by  which  pit  pairs  impede  movement  of  vapor  bubbles  is  found  in 
conifer  wood.  Pit  membranes  in  such  cases  have  a  central  impermeable  thickening  or  torus. 
If  air  enters  one  of  the  two  tracheary  elements  connected  by  a  pit  pair,  the  pressure  differential 
(atmospheric  pressure  in  the  embolized  element  and  a  negative  pressure  or  tension  in  the 
water-filled  element)  causes  the  pit  membrane  to  displace  or  aspirate  toward  the  water-filled 
cell.  The  impermeable  torus  completely  covers  and  seals  the  aperture,  thus  preventing  gas 
movement  into  the  functional  cell  (Zimmermann,  1983;  Hacke  et  al.,  2004).  Specifics  of  the 
anatomy  and  function  of  this  valvelike  structure  have  been  discussed  for  many  years  (Bailey, 
1916). 

Until  relatively  recently,  torus-containing  pit  membranes  were  thought  to  be  restricted 
to  conifers  (Butterfield  &  Meylan,  1980)  and  to  Ginkgo  (q.v.  discussion  in  Dute,  1994). 
However,  Ohtani  &  Ishida  (1978)  were  the  first  to  report  torus-bearing  pit  membranes  in  the 
dicotyledonous  woods  Daphne  and  Osmanthus.  This  discovery  was  followed  by  reports  of 
tori  in  species  of  the  genera  Ulmus  (elm)  and  Celtis  (hackberry)  (Wheeler,  1983)  and  in 
certain  species  of  Wikstroemia  (Dute  et  al.,  1996),  a  genus  related  to  Daphne. 

Recently,  Jansen  et  al.  (2004)  published  a  detailed  work  on  pit  membranes  in  the 
wood  of  members  of  the  Ulmaceae  and  found  that  tori  were  associated  with  ring-porous 
species  of  the  genera  Ulmus  and  Zelkova,  but  were  absent  from  the  diffuse-porous  species 
investigated.  With  this  information  they  hypothesized  that  Planera  aquatica,  a  monotypic 
species  native  primarily  to  the  southeastern  United  States  (Samuelson  &  Hogan,  2003)  should 
also  have  tori  since  its  wood  was  said  to  be  ring-porous  (Sweitzer,  1971).  The  purposes  of  the 
present  study  were  to  locate  tori  in  Planera  and,  if  present,  to  characterize  them. 

MATERIALS  AND  METHODS 

Living  specimens  of  Planera  aquatica  J.F.Gmel.  wood  were  collected  from  a  tree 
growing  in  the  Donald  E.  Davis  Arboretum  on  the  Auburn  University  campus.  Segments 
from  branches  approximately  5  mm  wide  were  diced  into  small  pieces  and  placed  in  one-half 
strength  Karnovsky’s  fixative  (Karnovsky,  1965)  in  0.1  M  sodium  cacodylate  buffer  (pH  7.0) 
at  room  temperature  for  three  hours.  Afterward,  the  specimens  were  cut  further  with  a  razor 
blade  into  thin  slices,  evacuated  in  fresh  fixative  for  20  minutes,  and  left  in  fixative  for  another 
3  h  at  4°  C.  Following  primary  fixation,  specimens  were  washed  in  0. 1  M  cacodylate  buffer 
followed  by  postfixation  with  buffered  1%  osmium  tetroxide  overnight.  A  dehydration 
sequence  culminating  in  absolute  ethanol  followed.  The  ethanol  was  gradually  replaced  with 
acetone,  and  specimens  then  were  infiltrated  with  Spurr’s  resin  (Spurr,  1969)  over  a  48  h 
period.  The  resin  was  cured  in  a  60°  C  oven  overnight.  Embedded  wood  specimens  were 
trimmed  and  sectioned  on  an  MT-2b  ultramicrotome.  One  and  2  pm  thick  sections  were  heat- 
fixed  to  glass  slides,  stained  with  0.5%  toluidine  blue  O  (TBO)  in  0.02  M  sodium  benzoate 
buffer,  covered  with  mounting  medium  and  a  cover  slip,  and  left  on  a  warm  plate  overnight. 
Slide-mounted  specimens  were  observed  and  photographed  using  a  Nikon  Biophot 
microscope  with  camera  attachment.  Resin-embedded  material  also  was  prepared  for  the 
transmission  electron  microscope  (TEM)  by  cutting  sections  of  70  nm  thickness  on  a  Leica 
Ultracut  UCT  ultramicrotome.  Sections  were  attached  to  copper  grids  and  stained  with  uranyl 
acetate  and  lead  citrate.  These  stained,  ultrathin  sections  were  observed  using  a  Zeiss  10  TEM 
at  80  kV  accelerating  voltage. 
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Living  branch  material  also  was  used  to  produce  macerations.  Wood  slivers  were 
placed  for  two  days  in  a  1:1  mixture  of  glacial  acetic  acid  and  H2O2  at  50°  C.  Afterward,  the 
wood  was  thoroughly  washed  with  distilled  water  and  cells  were  separated  with  teasing 
needles  in  a  drop  of  water  directly  on  a  slide.  Macerates  were  viewed  either  directly  as  wet 
mounts  or  after  TBO  staining. 

Material  for  resin  embedding  and  for  viewing  with  the  scanning  electron  microscope 
(SEM)  was  collected  from  labeled  herbarium  (branch)  specimens  obtained  from  the  Auburn 
University  Herbarium  (AUA).  Table  1  lists  these  specimens.  Some  specimens  were  soaked 
directly  in  absolute  ethanol.  The  remainder  of  the  processing  procedure  followed  that  used  for 
embedding  living  specimens  in  resin  and  preparing  them  for  light  microscopy  (see  above). 
Other  herbarium  specimens  were  split  with  a  razor  blade  to  expose  the  tangential  longitudinal 
surface,  attached  to  an  aluminum  SEM  stub  using  double-stick  carbon  tape,  and  covered  with 
a  thin  layer  of  gold  using  an  Electron  Microscopy  Sciences  550X  sputter  coating  apparatus. 
Specimens  were  observed  using  a  Zeiss  Digital  Scanning  Microscope  (DSM  940)  at  15  kV 
accelerating  voltage.  Images  were  made  using  either  secondary  or  backscattered  populations 
of  electrons. 


Table  1.  Herbarium  specimens  (AUA)  of  Planera  aquatica  used  in  this  study. 


Accession  Number 

Date  of  Collection 

Collector(s)  Number 

11836 

5  April  1968 

Leonard  &  Radford  1226 

18735 

10  July  1967 

Duncan  23080 

40077 

2  March  1972 

Thomas  &  Parker  27540 

Measurements  were  made  with  a  light  microscope  attached  to  a  Thomas  Optical 
(Columbus,  Georgia,  USA)  image  analysis  system  using  Optimas.  Tangential  diameters  of 
conducting  cells  were  taken  from  sectioned  material  of  living,  preserved  specimens.  Length 
measurements  of  tracheary  elements  and  length/width  measurements  of  fibers  were  performed 
with  macerated  material  from  living  specimens.  Long  and  short  axes  of  pit  apertures  and  tori 
were  measured  using  the  measuring  system  of  the  SEM. 

For  comparative  purposes,  5  mm-wide  cores  were  taken  from  the  trunk  of  the  living 
arboretum  specimen  (trunk  diameter  =  1 1  cm)  and  were  prepared  for  sectioning  and 
maceration  as  described  above.  However,  descriptions  of  cells  and  their  features  in  the 
Results  section  are  based  on  branch  material. 

RESULTS 


General  Anatomy 

Tracheary  elements  in  branch  wood  of  Planera  showed  a  distinct  difference  in 
diameter  between  early  and  latewood  (Fig.  1).  Measurements  of  tangential  diameters  of  50 
conducting  cells  each  for  both  early  and  latewood  sections  gave  means  of  35  pm  and  19  pm, 
respectively.  Diameter  ranges  were  11-57  and  11-28  pm.  Macerations  showed  the  large 
diameter  tracheary  elements  to  be  exclusively  vessel  members  with  simple  perforations  (Fig. 
2),  whereas  small  diameter  tracheary  elements  were  either  vessel  members  (Fig.  3)  or 
tracheids,  which  were  similar  to  small  vessel  members  in  every  respect  except  for  the  absence 
of  perforations.  Helical  wall  thickenings  lined  the  lumen  surfaces  of  both  large  diameter 
vessel  members  and  tracheary  elements  (Figs.  2,  3).  The  thickenings  were  more  distinct 
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(coarser)  in  small  diameter  elements  (compare  Figs.  2  and  3  at  unlabeled  arrows).  These 
thickenings  could  also  be  seen  in  transverse  sections  of  cells  and  were  especially  clear  in 
specimens  viewed  with  the  TEM  (Fig.  4).  All  conducting  elements  (large  diameter  vessel 
members  and  tracheary  elements)  were  elongate  with  a  mean  length  of  233  pm  (172 — 284  pm 
range,  25  measurements).  In  contrast,  fibers  averaged  564  pm  in  length  (338 — 1020  pm 
range)  and  only  16  pm  in  diameter  (10 — 22  pm  range,  25  measurements).  Parenchyma  cells 
were  observed  either  as  components  of  rays  or  as  vertical  strands  (axial  parenchyma).  Rays 
were  uniseriate,  biseriate,  and  multiseriate  (Fig.  5).  Rays  were  heterocell ular,  possessing  both 
upright  and  procumbent  cells  (Fig.  6).  Axial  parenchyma  strands  usually  consisted  of  two  to 
four  cells  (Figs.  5,  7).  Parenchyma  cells  served  a  food  storage  function  as  evidenced  by  the 
presence  of  starch  granules  in  the  cell  lumens  (Fig.  8).  They  also  stored  other  ergastic 
material  (either  waste  or  food)  in  the  form  of  darkly  stained  deposits  (Figs.  4,  9). 

Torus  Anatomy 

Tori  appeared  as  lenticular  structures  in  transverse  sections  of  wood.  The  margo 
region  of  the  pit  membrane  is  often  invisible  using  light  microscopy  and  thus  tori  appeared  to 
float  freely  within  the  pit  cavities.  Tori  were  restricted  to  small  diameter  tracheary  elements 
and  therefore  were  most  easily  located  in,  but  not  exclusive  to,  latewood  in  freshly  collected 
samples  (Figs.  9,  10)  and  in  herbarium  specimens  (Fig.  1 1).  Tori  were  present  as  well  in  cores 
taken  from  trunk  wood  (data  not  shown).  When  stained  with  Toluidine  Blue  O,  tori  stained  a 
deep  blue  to  purple,  unlike  the  blue-green  of  the  secondary  wall  of  tracheary  elements  but 
similar  to  the  color  of  the  compound  middle  lamella  (q.v.  Figs.  4,  9  for  identification  of  wall 
layers).  In  transverse  sections,  narrow  diameter  tracheary  elements  primarily  appeared 
clustered  in  the  latewood  and,  in  such  instances,  bordered  pit  pairs  with  tori  were  observed  on 
both  radial  and  tangential  walls  (Fig.  10).  Aspirated  pit  membranes  in  which  the  membrane 
with  its  torus  was  displaced  so  as  to  occlude  an  aperture  were  noted  in  both  freshly  collected 
and  herbarium  specimens,  but  were  more  common  in  the  latter  (Fig.  1 1). 

Pit  membranes  between  large  diameter  spring  wood  vessel  members  generally  lacked 
a  torus  in  both  freshly  collected  and  herbarium  material  (Fig.  12).  To  ensure  tori  were  missing 
in  these  instances,  the  added  resolving  power  of  the  TEM  was  used  to  observe  similar  pit 
membranes  (Fig.  13).  The  result  was  the  same;  tori  usually  were  not  present.  On  rare 
occasions  spring  wood  vessel  members  would  share  a  pit  membrane  containing  a  poorly 
developed  torus.  Sometimes,  pit  membranes  between  spring  wood  vessel  members  were 
impregnated  or  occluded  by  a  substance  considered  to  represent  a  wound  response  when  found 
in  other  species  (Fig.  14)  (Dute  et  al.  1992).  The  distinction  between  these  occluded 
memhranes  and  torus-bearing  membranes  was  obvious  (compare  Figs.  14  &  15). 

Figures  15-17  provide  a  detailed  analysis  of  torus-bearing  pit  membranes  using  the 
TEM.  These  pit  membranes  were  divided  into  three  parts:  annulus,  torus  and  margo.  Both 
annulus  and  torus  retained  their  matrix  material  during  autolysis  of  the  cells  and  thus  appeared 
electron  opaque,  the  torus  especially  so.  The  margo,  in  contrast,  was  practically  transparent  to 
the  electron  beam.  Morphology  of  mature  torus  thickenings  varied  in  sectional  view  from  a 
lenticular  structure  (Fig.  15),  to  a  “grooved”  structure  (Fig.  16),  to  one  in  which  almost  the 
entire  middle  layer  (here  interpreted  as  the  middle  lamella)  was  removed  (Fig.  17). 

When  pit  membranes  were  seen  in  face  view  with  the  SEM,  the  torus  was  observed  to 
be  a  centrally  located  structure  surrounded  by  the  margo,  which  in  turn  was  surrounded  by  the 
annulus  (Fig.  18).  Torus-bearing  pit  membranes  were  associated  with  circular  to  elliptical 
apertures  (Figs.  18,  19).  Measurements  of  25  such  apertures  gave  means  of  1.51  pm  (0.91 — 
2.00  pm  range)  and  1.13  pm  (0.77 — 1.41  pm  range)  for  long  and  short  axes,  respectively. 
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Key  to  labeling:  A  =  aperture  of  pit  border;  AN  =  annulus  of  pit  membrane;  AX  =  strand  of 
axial  parenchyma  cells;  B  =  pit  border;  C  =  compound  middle  lamella;  E  =  earlywood 
conducting  element;  L  =  latewood  conducting  element;  M  =  margo  of  pit  membrane;  P  = 
perforation;  PM  =  pit  membrane  without  a  torus;  PR  =  procumbent  ray  cell;  R  =  ray  cell;  S  - 
secondary  wall;  T  =  torus  of  pit  membrane;  U  =  upright  ray  cell;  V  =  vessel  member;  W  = 
wart. 


Figure  1.  Transection  of  wood  at  the  boundary  of  latewood  and  earlywood  of  the  succeeding  year. 
Note  the  differences  in  cell  diameter  between  the  conducting  cells  of  the  two  regions.  The  dark  spots 
represent  ergastic  material  stored  within  parenchyma  cells.  Scale  bar  =  25  pm. 

Figure  2.  Large  diameter  vessel  members  exposed  by  maceration.  Simple  perforations  on  the  end 
walls  are  evident.  The  unlabeled  arrow  indicates  a  fine  helical  thickening  lining  the  cell  lumen.  Scale 
bar  =  20  pm. 

Figure  3.  Small  diameter  vessel  member  with  a  perforated  end  wall.  The  unlabeled  arrow  indicates  a 
coarse,  helical  thickening.  Scale  bar=  25  pm. 

Figure  4.  A  transverse  section  of  latewood  as  seen  with  the  TEM.  Un  labeled  arrows  denote  some  of 
the  helical  wall  thickenings  of  the  conducting  cells.  A  well-developed  torus  is  indicated.  One  of  the 
ray  cells  is  filled  with  electron-opaque  material.  Scale  bar  =  5  pm. 
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Figure  5.  Tangential  longitudinal  section  of  wood  as  seen  with  SEM.  Uniseriate  (1),  biseriate  (2),  and 
multiseriate  (3)  rays  are  visible.  A  four-celled  axial  parenchyma  strand  is  also  indicated.  Scale  bar  =  50  pm. 
Figure  6.  A  maceration  in  which  a  cluster  of  cells  have  retained  their  relative  positions.  The  included 
ray  consists  of  both  procumbent  and  upright  cells,  making  the  ray  heterocellular.  Scale  bar  =  25  pm. 

Figure  7.  A  two-celled  axial  parenchyma  strand  isolated  through  maceration.  Scale  bar  =  25  pm. 

Figure  8.  A  detail  of  the  ray  cells  seen  in  Fig.  5.  Note  the  clusters  of  starch  grains  in  the  lumens  of  the 
parenchyma  cells  (arrows).  Some  grains  were  scattered  when  the  wood  was  cut.  Scale  bar  =  20  pm. 
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Figures  9,  10.  Transections  from  freshly  collected  latewood  showing  tracheary  elements  with 
bordered  pit  pairs  containing  tori.  In  Fig.  10,  the  single  arrow  indicates  a  torus  in  a  tangential  wall, 
whereas  the  double  arrow  indicates  a  torus  in  a  radial  wall.  Note  the  dense  contents  of  both  axial  and 
ray  parenchyma  cells  in  both  figures.  Scale  bars  =  10  pm. 

Figure  11.  Tori  in  the  latewood  of  an  herbarium  specimen.  Compare  the  position  of  the  torus  within 
a  pit  pair  in  an  aspirated  (arrow)  vs.  unaspirated  (double  arrow)  pit  membrane.  Scale  bar  =  10  pm. 
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Figure  12.  Earlywood  from  a  freshly  collected  specimen.  Pit  membranes  of  bordered  pit  pairs 
connecting  large  diameter  vessel  members  do  not  have  tori  (arrows).  Scale  bar  =  10  pm. 

Figure  13.  A  TEM  observation  of  a  bordered  pit  pair  with  a  pit  membrane  between  two  large  diameter, 
earlywood  vessel  members.  As  is  true  of  Fig.  12,  no  torus  is  visible.  The  pit  membrane  itself  is  almost 
invisible  since  the  matrix  material  was  removed  during  autolysis  of  the  cells.  Scale  bar  =  0.5  pm. 

Figure  14.  A  pit  membrane  between  two  spring  wood  vessel  members  occluded  with  what  is 
interpreted  as  wound  material.  Scale  bar  =  0.5  pm. 
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Figures  15-17.  Different  torus  morphologies  in  pit  membranes  of  bordered  pit  pairs  connecting 
latewood  tracheary  elements.  Scale  bars  =  0.5  pm. 
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Figure  18.  An  SEM  photograph  (secondary  electron  image)  from  a  tangential  longitudinal  section  of 
wood.  On  the  left  is  a  vertical  series  of  three  pit  membranes  each  consisting  of  a  central  torus 
surrounded  by  a  margo.  On  the  right  are  two  pit  borders  from  which  the  overlying  pit  membranes  have 
been  removed  exposing  the  apertures.  Note  the  warts  on  both  pit  borders  and  pit  membranes.  Scale  bar 
=  2  pm. 

Figure  19.  A  backscatter  electron  SEM  image  of  a  pit  membrane  with  torus  and  two  apertures  from 
neighboring  pits.  Scale  bar  =  2  pm. 


Mean  circularity  ratio  (short  axis  divided  by  long  axis)  of  the  aperture  was  0.76  with  a  range 
from  0.62 — 1.00.  Outline  of  the  tori  (25  measured)  also  varied  from  circular  to  elliptical  with 
a  long  axis  mean  of  2.14  pm  (1.69 — 2.54)  and  a  short  axis  mean  of  1.89  pm  (1.27 — 2.32), 
With  a  mean  circularity  ratio  of  0.89  (0.64 — 1.00),  the  outline  of  the  typical  torus  was  closer 
to  a  circle  than  that  of  the  aperture  although  torus  circumference  was  frequently  irregular 
(Figs.  1 8,  19).  In  some  instances  warts  were  applied  to  the  surface  of  the  specimen,  including 
tori  and  margos  (Fig.  1 8).  The  warts  were  thought  to  be  artifacts  induced  by  processing. 
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DISCUSSION 


General  Anatomy 

Cell  sizes  and  types  given  in  this  manuscript  correspond  fairly  well  to  the  description 
given  for  Planera  aquatica  wood  by  Sweitzer  (1971)  with  one  exception.  According  to 
Sweitzer  wood  rays  are  homocellular  (consisting  of  procumbent  cells  only),  whereas  in  all 
four  of  our  specimens  (the  living  and  three  herbarium  collections)  rays  are  heterocellular.  Our 
observation  creates  an  interesting  problem  in  the  phylogeny  of  this  genus.  An  early 
description  of  Planera  rays  refers  to  them  as  “heterogeneous,”  that  is  to  consist  of  procumbent 
as  well  as  square  and  upright  cells  (Record,  1934).  However,  in  a  later  publication,  rays  are 
described  as  “mostly  homogeneous”  (Record  and  Hess,  1943).  Metcalfe  and  Chalk  (1950), 
referring  to  the  description  of  Record  and  Hess,  considered  Planera  wood  to  consist  of 
homocellular  rays.  As  mentioned,  Sweitzer  (1971),  in  an  independent  investigation,  refers  to 
the  ray  type  as  homocellular.  Wood  anatomy  (including  ray  type)  along  with  other 
morphological  features  and  chloroplast  DNA  analysis  has  been  used  to  separate  the  family 
into  two  tribes,  Ulmeae  and  Celteae,  with  Planera  and  Ulmus  in  the  former  (Sweitzer,  1971) 
or  even  into  separate  families  (Ulmaceae  and  Celtidaceae)  (Wiegrefe  et  al.,  1998).  Our 
findings  of  heterocellular  rays  in  Planera  are  at  odds  with  this  work.  However,  the  apparent 
discrepancy  can  be  explained  on  the  basis  of  ontogeny.  Wood  descriptions  are  based  on  adult 
wood  from  tree  trunks.  According  to  Barghoorn  (1941)  there  is  a  developmental  trend  from 
heterogeneous  rays  (heterocellular)  to  homogeneous  ones  (homocellular).  In  short,  rays  in  the 
juvenile  (center)  part  of  a  woody  stem  tend  to  be  heterocellular  but  convert  to  homocellular  as 
later  (outer)  layers  of  wood  are  deposited.  This  change  is  due  to  transverse  anticlinal  divisions 
of  the  ray-generating  cells,  the  ray  initials  (Barghoorn,  1941).  Our  branches  contained 
juvenile  wood  and  so  heterocellular  rays  would  be  expected.  Nevertheless,  our  observations 
of  sapwood  (outer  layers)  from  the  cored  material  of  a  trunk  indicated  that  although  the 
prevalence  of  square  and  upright  cells  is  much  reduced  compared  to  branch  wood,  such  cells 
are  still  readily  observed  at  the  ray  margins  (data  not  shown).  This  type  of  cellular 
arrangement  nowadays  is  referred  to  as  “homocellular  to  heterocellular”  (Regis  Miller,  pers. 
comm.).  This  result  might  explain  the  description  of  Planera  wood  rays  by  Record  &  Hess 
(1943)  as  “mostly  homogeneous,”  and  calls  into  question  the  use  of  wood  rays  as  a  basis  for 
classification  in  the  Ulmaceae. 

Torus  Anatomy  and  Function 

TEM  ultrastructure  of  Planera  tori  is  identical  to  that  of  Ulmus  tori  (Dute  &  Rushing, 
1990).  It  differs  from  Celtis  tori  only  in  the  absence  of  small,  circular  areas  of  less  intense 
wall  staining  (Fig.  7  in  Dute  &  Rushing,  1990).  In  elm  and  hackberry,  tori  become  much 
more  opaque  to  the  electron  beam  as  their  accompanying  cells  approach  maturation.  At 
maturation,  autolysis  of  cell  cytoplasm  occurs,  and  at  this  time  matrix  wall  material  is 
removed  from  the  margo  of  the  pit  membrane  leaving  only  a  fine  mesh  of  fibrils  (Dute  & 
Rushing,  1990).  The  change  in  opacity  of  tori  at  maturity  is  thought  to  indicate  a  partial 
breakdown  of  these  structures.  Electron  opacity  of  mature  Planera  tori  is  identical  to  that  in 
tori  of  the  other  two  genera.  In  addition.  Figures  16  &  17  indicate  that  torus  degradation  can 
vary  and  can  be  especially  pronounced  in  the  central  layer  (or  middle  lamella  region)  of  this 
thickening.  Recent  studies  using  confocal  microscopy  in  conjuction  with  acriflavin  staining 
(Coleman  et  al.,  2004)  and  safranin/alcian  blue  staining  (Jansen  et  al.  2004)  show  tori  in 
woods  of  Ulmaceae  s.l.  to  have  no  lignin.  The  presence  of  lignin  is  thought  to  make  cell  walls 
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resistant  to  hydrolysis  (Burgess  1985;  O’Brien,  1970).  Absence  of  lignin  would  explain  the 
appearance  of  tori  in  Planera  and  would  explain  the  staining  response  of  these  structures  to 
TBO  (O’Brien  et  al.,  1964). 

Tori  in  the  Ulmaceae  are  thought  to  prevent  tearing  of  pit  membranes  during 
aspiration  (Dute  &  Rushing,  1 990;  Wheeler,  1 983).  Whether  tori  are  of  large  enough  diameter 
to  completely  block  the  aperture  and  provide  a  tight  seal  is  an  open  question.  Wheeler  (1983) 
observed  that  torus  diameter  is  smaller  than  aperture  diameter  in  Celt  is  reticulata.  However, 
Jansen  et  al.  (2004)  provided  good  evidence  that  the  opposite  is  true  in  Ulmus  laciniata.  In 
the  present  study,  SEM  was  used  to  measure  both  apertures  and  tori.  Although  the 
measurements  were  very  accurate,  it  was  not  possible  to  measure  and  compare  a  torus  and  an 
aperture  from  the  same  pit  in  any  instance.  Also,  long  axes  of  torus  and  aperture  did  not 
always  coincide.  Despite  these  caveats,  measurements  indicate  that  in  most  cases  the  seal  is 
complete.  Figure  17  shows  however  that  exceptions  do  occur. 

Jansen  et  al.  (2004)  observed  a  correlation  between  pit  membranes  with  circular  tori 
and  circular  pit  apertures.  As  might  be  expected,  such  a  combination  of  features  would 
provide  an  effective  seal  during  aspiration.  Such  a  hypothesis  has  been  discussed  at  length  by 
other  investigators  (q.v.  discussion  in  Dute  et  al.,  2001).  Mean  circularity  ratios  for  tori  and 
apertures  of  Planera  correspond  favorably  to  those  calculated  in  other  studies  of  torus- 
containing  dicot  woods  (Dute  et  al.,  2001;  Jansen  et  al.,  2004). 

Tori  in  Planera  are  best  developed  in  narrow  diameter  tracheary  elements  of 
latewood.  These  are  the  same  cells  with  the  most  distinct  helical  thickenings.  Although  the 
range  of  tangential  cell  diameters  between  early  and  latewood  overlaps,  such  measurements 
might  not  be  an  accurate  representation  of  cell  size  because  the  greatest  diameter  of  early  wood 
vessel  members  is  not  always  in  the  tangential  plane. 

Association  of  narrow  diameter  tracheary  elements  with  well-developed  tori  have 
been  noted  previously  in  the  Ulmaceae.  Wheeler  (1983)  was  the  first  to  report  that  tori  were 
best  developed  in  pit  membranes  connecting  (narrow  diameter)  vascular  tracheids  in  Ulmus 
alata  and  Celtis  laevigata.  Dute  &  Rushing  (1990)  observed  the  greatest  degree  of  torus 
development  “in  those  membranes  connecting  elements  of  small  diameter”  in  U.  alata ,  C. 
laevigata,  and  C.  occidentalis.  Jansen  el  al.  (2004)  concluded  that  in  1 7  species  of  Ulmus  and 
two  species  of  Zelkova,  tori  were  missing  from  pit  membranes  with  a  tangential  diameter 
greater  than  20  pm.  This  restriction  would  by  its  nature  confine  most  tori  to  the  latewood. 

Roth  (1996)  and  Jansen  et  al.  (2004)  noted  that  narrow  diameter  tracheary  elements 
were  also  those  water-conducting  cells  with  distinct  helical  wall  thickenings  lining  their 
lumens.  A  similar  correlation  of  torus,  cell  diameter,  and  prominent  helical  thickenings  was 
also  made  for  two  species  of  Daphne  and  four  species  of  Wikstroemia  of  the  Thymelacaceae 
(Dute  et  al.,  1 996). 

It  has  been  hypothesized  that  narrow  diameter  tracheary  elements  with  prominent 
helical  thickenings  serve  as  a  back-up  water  conducting  system  with  a  low  flow  rate  but  a  high 
safety  factor  (discussion  in  Dute  et  al.,  1996).  Helical  thickenings,  for  example,  are  thought  to 
increase  the  wettable  surface  of  the  cell  lumen  and  decrease  chances  of  cavitation  (Carlquist, 
1982).  Utsumi  et  al.  (1996)  were  able  to  view  water-filled  versus  air-filled  (embolized) 
conducting  elements  in  Fraxinus  mandshurica  (a  ring-porous  species)  by  first  freezing  trunk 
sections  with  liquid  nitrogen  before  removal  from  the  tree.  They  noted  that  at  the  end  of  the 
growing  season  large  diameter  spring  wood  vessel  members  lost  their  water  and  became  gas- 
filled,  whereas  narrow  diameter  latewood  conducting  elements  remained  water-filled 
throughout  the  winter.  This  tendency  for  large  diameter  elements  to  cavitate  and  embolize 
more  readily  than  small  diameter  ones  has  also  been  noted  by  other  experimenters  (Tyree  & 
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Dixon,  1986;  Dixon  et  al.,  1988;  Cochard  &  Tyree,  1990;  Davis  et  al.,  1999).  Presence  of  tori 
would  serve  to  increase  the  safety  factor  of  narrow  diameter  tracheary  elements  either  by 
strengthening  the  pit  membrane  to  prevent  tearing  during  aspiration  or  by  providing  a  tight 
seal  with  the  pit  aperture  to  preclude  transmission  of  air  bubbles  throughout  the  latewood 
conducting  system  (Dute  et  al.,  1996;  Dute  et  al.,  2001;  Wheeler,  1983  ). 

A  contrasting  hypothesis  backed  by  experimental  evidence  shows  that  although  small 
diameter  tracheary  elements  do  not  embolize  readily,  their  conductive  capacities  are  much 
higher  than  previously  supposed.  In  fact,  Roth  (1996)  has  shown  that  wall  thickenings 
actually  decrease  the  pressure  gradient  for  a  given  diameter  element  relative  to  a  smooth- 
walled  tube  “with  a  diameter  corresponding  to  the  distance  between  two  opposite 
thickenings.”  Apparently,  the  fluid  stream  moves  over  the  fluid-filled  cavities  between  the 
thickenings  thus  reducing  the  hydraulic  resistance  and  leading  to  increased  conductive 
capacity.  Therefore,  small  diameter  tracheary  elements  not  only  provide  a  large  safety  factor 
but  also  possess  the  capacity  to  conduct  substantial  amounts  of  water. 

Jansen  et  al.  (2004)  provided  evidence  that  in  the  Ulmaceae,  presence  of  tori  was 
associated  with  ring-porous  wood.  On  this  basis  they  predicted  that  tori  would  exist  in 
Planera  based  on  the  work  of  Sweitzer  (1971).  The  latter  author  investigated  three  specimens 
of  Planera,  two  of  which  were  diffuse-porous  and  one  of  which  was  ring-porous.  He 
concluded  that  in  this  respect  the  genus  was  variable.  Dr.  Regis  Miller,  Forest  Products 
Laboratory,  Madison,  Wisconsin  USA,  investigated  two  specimens  of  Planera  and  found  one 
to  be  diffuse-porous  and  the  other  to  be  semi-ring-porous  (R.  Miller,  pers.  comm.).  Clearly, 
further  anatomical  investigation  of  Planera  trunk  wood  is  required. 
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INTRODUCTION 

On  recent  field  trips  through  the  upper  Mobile  River  basin,  we  recorded  range  extensions  for 
six  species  of  fishes.  These  records  were  shared  at  the  2003  meeting  of  the  Alabama  Academy  of 
Science  at  Jacksonville  State  University  (Davenport  et  al.,  2003;  Howell  &  Davenport,  2003). 

In  keeping  with  our  personal  and  departmental  conservation  ethics,  no  specimens  were  killed 
or  preserved  during  this  study  (Davenport  et  al.,  1999;  Davenport  &  Roop,  2000;  Jenkins  et  al., 
2003).  Instead,  individuals  were  photographed  and  released,  with  their  images  presented  on  a  web 
site.  Those  images  can  be  found  at  http://www.sam ford.edu/biology. 

RESULTS  and  DISCUSSION 

Chestnut  Lamprey,  Ichthyomyzon  castaneus 

The  chestnut  lamprey  ( Ichthyomyzon  castaneus)  is  a  primitive  fish  found  at  scattered 
localities  throughout  the  state  (Mettee  et  al.,  1996).  On  a  Vertebrate  Field  Zoology  class  trip, 
8  April  2002,  we  collected  one  individual  at  Old  Overton  Road,  Jefferson  County  (Sec  11,  T18S, 
R2  W),  at  the  first  riffle  area  below  the  canoe  launch.  This  represents  the  first  collection  of  chestnut 
lampreys  for  the  Cahaba  River  above  the  Fall  Line. 

Tallapoosa  Shiner,  Cyprinella  gibbsi 

The  Tallapoosa  shiner  ( Cyprinella  gibbsi )  was  first  described  from  Enitachope  (or 
alternatively,  Enitachopco)  Creek  near  Ashland  (Howell  and  Williams,  1971),  and  is  currently  known 
exclusively  from  the  Tallapoosa  River  system  above  the  Fall  Line  (Mettee  et  al.,  1 996).  On  27  Nov 
2001 ,  we  collected  and  released  82  Tallapoosa  shiners  from  Talladega  Creek  at  Hanging  Rock  Road, 
Clay  County  (Sec  28,  T19S,  R7E).  More  recently  (18  Sep  2003),  we  collected  and  released  five 
individuals  from  Buzzard  Creek,  a  tributary  to  Talladega  Creek,  at  the  junction  of  Hanging  Rock 
Road  and  Mountain  View  Road  (Sec  4,  T20S,  R7E),  ca.  two  airline  miles  SSEofthe  above  Talladega 
Creek  site. 

Other  than  a  single  specimen  reported  to  be  a  bait-bucket  introduction  (Howell  and  Williams, 
1971),  these  are  the  first  documented  records  of  Tallapoosa  shiners  from  the  Coosa  River  system. 
Their  presence  may  be  the  result  of  stream  capture  from  Enitachopco  Creek. 

Cahaba  Shiner,  Notropis  cahabae 

The  Cahaba  shiner  ( Notropis  cahabae )  was  once  thought  to  be  restricted  to  the  Cahaba 
River  just  above  and  below  the  Fall  Line  (Mayden  and  Kujada,  1 989;  Mettee  etal.,  1996),  but  is  now 
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Also  known  from  the  Locust  Fork  of  the  Black  Warrior  River  (Shepard  et  al.,  2002).  On  14  May 
2002,  we  collected  one  individual  at  the  County  Road  52  bridge  near  Helena,  Shelby  County  (Sec  20, 
T20S,  R3W).  This  is  the  first  time  that  this  species  has  been  taken  at  its  uppermost  Cahaba  River 
site  since  1 969  (see  Ramsey,  1 982). 

Banded  Pygmy  Sunfish,  Elassoma  zonatum 

The  banded  pygmy  sunfish  {Elassoma  zonatum )  is  widespread  in  all  river  systems  in  the 
Alabama  Coastal  Plain;  a  few  populations  are  also  known  above  the  Fall  Line  in  the  Coosa  and 
Tallapoosa  systems  (Mettee  et  al.,  1 996).  Our  new  collection,  25  February  2002,  was  made  on  the 
same  Vertebrate  Zoology  field  trip  to  Ebenezer  Swamp  as  listed  below.  While  the  species  is  not  new 
to  the  Cahaba  River  system,  it  is  the  first  such  documentation  above  the  Fall  Line. 

Dusky  Darter,  Percina  sclera 

According  to  Fishes  of  Alabama  (Mettee  et  al.,  1 996),  the  dusky  darter  ( Percina  sciera)  is 
known  from  the  western  Coastal  Plain,  Highland  Rim,  and  Cumberland  Plateau  provinces,  while 
lacking  from  the  Valley  &  Ridge  and  Piedmont.  On  25  February  2002,  our  Vertebrate  Field  Zoology 
class  collected  one  individual  from  Ebenezer  Swamp  (Spring  Creek),  4  miles  north  of  Montevallo, 
along  County  Road  24  (Sec  36,  T2 1 S,  R3  W);  several  individuals  were  collected  on  later  trips.  This 
disjunct  population  represents  the  first  collection  from  the  Cahaba  River  system  and  from  the  Valley 
&  Ridge  province. 

Watercress  Darter,  Etheostoma  nucha/e 

On  1 8  October  2002,  a  Birmingham  geologist,  Randy  Tipton,  apprised  us  of  his  discovery  of 
a  spring  (“Seven  Springs”)  not  labeled  as  such  on  U.  S.  Geological  Survey  topographic  maps.  The 
spring  is  located  within  the  Birmingham  city  limits  (Powderly  community),  Jefferson  County,  AL 
(Sec  1 7,  T1 8S,  R3  W).  The  spring  run  flows  ca.  500  yards  before  its  confluence  with  Nabors  Branch, 
a  domestically  polluted  stream  that  courses  for  about  one  mile  before  entering  Valley  Creek,  a  major 
tributary  of  the  Black  Warrior  River.  Mr.  Tipton  estimated  the  flow  of  the  spring  run  as  3800  gpm. 

On  29  October  2002,  we  visited  Seven  Springs  and  its  spring  run,  where  we  dipnetted  a 
single  specimen  of  the  endangered  watercress  darter,  Etheostoma  nuchale.  After  notifying  the  U.  S. 
Fish  and  Wildlife  Service,  we  returned  on  1 4  November  2002  and,  working  under  a  USFWS  permit, 
found  watercress  darters  in  the  spring  basin  and  throughout  the  entire  length  of  the  spring  run,  as  well 
as  in  Nabors  Branch  immediately  above  and  below  the  confluence. 

This  is  only  the  third  known  natural  population  of  watercress  darters— the  first  was 
discovered  at  Glenn  Springs,  Bessemer,  in  1964  (Howell  &  Caldwell,  1965);  and  the  second  at 
Roebuck  Spring,  Roebuck,  in  1 979.  (A  transplant  population  was  established  at  Tapawingo  Springs, 
Pinson,  in  1986.) 
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INTRODUCTION 

The  bone  morphogenetic  proteins  or  BMP’s  comprise  a  growing  family  of  more  than 
fifteen  proteins.  The  term  BMP  was  coined  by  Marshall  R.  Urist  nearly  30  years  ago  after 
observing  heterotopic  or  extraskeletal  bone  formation  after  implantation  of  demineralized 
bone  matrix  at  intramuscular  sites  in  rodents  and  rabbits  (Urist,  1965).  It  was  Urist’  theory  of 
autoinduction  which  brought  the  term  “bone  morphogenetic  protein”  to  light.  He  found  that  an 
induction  cell  such  as  a  histiocyte  acts  upon  a  connective  tissue  cell  facilitating  differentiation 
into  the  osteoprogenitor  cells.  This  bone  inducing  substance  was  referred  to  as  bone 
morphogenetic  protein  (Lee,  1997).  Since  that  time  many  researchers  have  attempted  to 
characterize  and  clone  these  proteins  for  further  study. 

Human  BMP-2  is  a  32-kd  homodimeric  glycoprotein.  The  receptors  for  BMP-2 
contain  a  serine/threonine  kinase  domain  and  has  been  successfully  cloned  by  Wozney  et  al, 
1988.  The  recombinant  BMP-2  has  proliferative  effects  on  the  multipotential  stem  cells 
toward  the  fibroblastic,  osteoblast/osteocyte,  and  adipocyte  cell  lines  (Yamaguchi  et  al,  1991 
and  Sigurdsson  et  al,  1995). 

The  goal  of  this  research  was  to  determine  if  recombinant  BMP-2  had  a  proliferative 
effect  on  hematopoietic  stem  cells  isolated  from  umbilical  cord  blood.  It  is  well  documented 
umbilical  cord  blood  is  a  rich  source  of  hematopoietic  stem  cells  (Hughes,  2000  and  Cardoso 
et  al,  1993).  Numerous  studies  have  demonstrated  recombinant  BMP-2’s  effect  on  the  bone 
forming  cells  and  fibroblasts.  The  fact  that  osteoblasts  secrete  two  major  cytokines,  namely. 
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macrophage  colony  stimulating  factor  (M-CSF)  and  granulocyte-macrophage  colony 
stimulating  factor  (CiM-CSF)  led  this  group  to  believe  that  recombinant  BMP-2  may  play  a 
major  role  in  hematopoiesis,  and  further,  serve  as  a  potential  cytokine  in  stem  cell 
transplantation. 


MATERIALS  AND  METHODS 


Specimen  Collection 

Umbilical  cord  blood  was  collected  into  sterile  50  ml  conical  tubes  containing  10% 
(ACD-A)  as  a  preservative.  Cord  blood  was  collected  from  the  University  of  Maryland 
Medical  Center,  Department  of  Obstetrics  and  Gynecology  and  approved  by  the  Institutional 
Review  Board  of  the  University  of  Maryland. 

Dextran  Sedimentation 

Fifteen  milliliters  of  cord  blood  was  diluted  to  45  mL  with  PBS  (lx)  in  a  50  mL 
conical  tube.  Five  mL  of  filtered  10%  dextran  (mol  wt.  250,000)  was  added  to  the  conical 
tube.  The  tube  was  incubated  for  30  minutes  at  room  temperature  and  the  supernatant  was 
centrifuged  at  400  g  for  10  minutes  to  recover  mononuclear  cells.  The  resulting  pellet  was 
washed  with  5%  Bovine  Serum  Albumin  (BSA)  in  PBS  (Phosphate  buffered  saline). 

CD34  Selection 

Mononuclear  cells  were  isolated  for  stem  cell  content  via  purification  flasks  from 
Applied  Immune  Sciences,  Inc  (Santa  Clara,  CA).  Cells  were  first  incubated  with  Soybean 
Agglutinin  (SBA)  flasks  to  reduce  the  number  of  T  cells  and  fibroblasts.  SBA  binds  to 
galactose  present  on  these  cells  but  will  not  bind  to  stem  cells.  The  non-adherent  cells  were 
then  incubated  with  flasks  containing  antibody  to  CD34. 

AIS  MicroCELLector™  SBA 

MicroC  EL  Lector  flasks  were  primed  with  10  mL  of  sterile  DPBS  (Dulbecco’s 
phosphate  buffered  saline)  and  incubated  for  1  hour  at  room  temperature.  After  incubation 
residual  DPBS  was  removed  and  flasks  were  washed  an  additional  four  times  with  DPBS. 
Cord  blood  cells  were  resuspended  into  DPBS  containing  0.5%  human  gamma  globulins  and 
incubated  for  1 5  minutes  at  room  temperature.  Mononuclear  cells  were  loaded  and  incubated 
for  1  hour  at  room  temperature.  After  incubation  the  non-adherent  portion  was  collected.  An 
additional  4  mL  of  DPBS  was  added  to  the  flask  to  collect  any  additional  cells  not  adhering  to 
the  flask.  The  SBA-neg  cells  were  centrifuged  for  5  minutes  at  840  g  at  room  temperature. 
The  cell  pellet  was  resuspended  in  DPBS  containing  0.5%  human  gamma  globulins.  Viability 
was  determined  by  Trypan  Blue  Exclusion. 

AIS  MicroCELLector  ™CD34  Isolation 

CD34  flasks  were  prepared  as  previously  described  using  SBA  flasks.  The  S BA¬ 
negative  fraction  was  incubated  in  flasks  containing  antibody  to  CD34  at  no  more  than  2  x  1 07 
cells/flask  for  1  hour  at  room  temperature.  At  the  end  of  the  1  hour  incubation  the  flask  was 
rocked  from  side  to  side  and  the  non-adherent  population  was  removed  with  a  sterile  pipet. 
Four  mL  of  DPBS  containing  0.5%  BSA  was  added  to  the  flask  and  rocked  from  side  to  side. 
Residual  non-adherent  cells  were  again  removed.  An  additional  aliquot  of  DPBS  containing 
0.5%  BSA  was  added  to  the  flask.  With  the  cap  tightly  bound,  the  narrow  side  of  the  flask  was 
hit  firmly  to  disrupt  the  adherent  CD34  population.  The  adherent  cells  were  removed  with  a 
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sterile  pipet.  The  adherent  suspension  was  centrifuged  at  100  g  for  20  minutes  at  room 
temperature  and  a  cell  count  was  determined. 

Clonogenic  Assays:  CFU-GM 

Methylcellulose  semi-solid  media  (Stem  Cell  Technologies,  Inc,  Vancouver,  BC) 
containing  the  following  growth  factors:  stem  cell  factor  (50  ng/mL),  GM-CSF  (10  ng/mL), 
Interleukin-3  (10  ng/mL),  and  Erythropoietin  (3  U/mL).  Cord  blood  cells  from  the  untreated 
and  CD34-selected  populations  were  plated  according  to  the  following  formula:  plating 
density/cell  count.  Recombinant  BMP-2  was  added  at  concentrations  of  25  and  100  ng/mL. 
Media/cell  mixture  was  plated  in  duplicate  into  two  35  x  100  mm  sterile  petri  dishes.  A  third 
dish  contained  3  mL  of  sterile  water  to  serve  as  a  humidifier.  The  three  petri  dishes  were 
placed  into  a  larger  15  x  100  mm  tissue  culture  plate  and  incubated  at  37  C  with  5%  CCL  for  2 
weeks.  Colonies  of  CFU-GM  (Colony  forming  unit-granulocyte  macrophage;  Fig.  1)  were 
scored  after  2  weeks  incubation  using  an  inverted  microscope. 


Figure  1:  CFU-GM  (colony  forming  unit-granulocyte/macrophage)  x  500  magnificatioa 


27 


Human  Bone  Morphogenetic  Protein-2 


Recombinant  BMP-2 

Recombinant  BMP-2  was  acquired  from  the  Genetics  Institute  (Cambridge,  MA)  at  a 
concentration  of  2.27  mg/mL  and  stored  at  -80°  C.  Dilutions  were  performed  using  sterile 
0.1%  BSA  in  PBS  and  concentrations  of  100  ng/mL  and  25  ng/mL  were  aliquoted  into 
siliconized  tubes  and  stored  at  -80°  C. 

Statistical  Analysis 

A  one-way  analysis  of  variance  (ANOVA)  was  utilized  to  test  the  significance  of  recombinant 
BMP-2  at  concentrations  of  0,  25,  and  100  ng/mL  added  to  the  untreated  and  CD34-selected 
cord  blood. 


RESULTS 


Clonosenic  Assays 

The  response  of  CFU-GM  to  recombinant  BMP-2  at  concentrations  of  0,  25,  and  100 
ng/mL  from  untreated  cord  blood  is  depicted  in  Figure  2.  In  the  absence  of  recombinant  BMP- 
2  the  CFU-GM  ranged  from  3.0  x  10'  to  8.8  x  lOVmL  with  an  average  of  5.7  x  103/mL.  In  the 
presence  of  25  ng/mL  of  growth  factor  the  range  was  identical  to  cultures  devoid  of 
recombinant  BMP-2.  In  the  presence  of  100  ng/mL  of  growth  factor  the  range  of  CFU-GM 
was  1.0  x  10''  to  3.3  x  104/mL,  with  an  average  of  1.3  x  104/mL.  While  the  average  of  CFU- 
GM  was  largest  in  cultures  containing  the  highest  concentration  of  recombinant  BMP-2 
ANOVA  yielded  a  P>.05. 

The  CD34-selected  cord  blood  clonogenic  assays  with  recombinant  BMP-2  is 
depicted  in  Figure  3.  In  the  absence  of  growth  factor  the  numbers  of  CFU-GM  ranged  from  20 
to  420  mL  with  an  average  of  230  eolonies/mL.  In  the  presence  of  25  ng/mL  the  range  of 
CFU-GM  was  10  to  420/mL  with  an  average  of  230  colonies/mL.  In  the  presence  of  100 
ng/mL  of  recombinant  BMP-2  the  range  of  CFU-GM  was  20  to  360/mL  with  an  average  of 
216  colonies/mL. 

Viability  Studies 

The  viability  determination  by  trypan  blue  exclusion  methodology  yielded  greater 
than  90%  viable  cells  from  the  untreated  cord  blood  population,  range  96  to  100%.  In  the 
CD34-selected  population  viability  was  also  greater  than  90%  in  all  samples  with  a  range  of 
92  to  98%. 


DISCUSSION 

This  study  sought  to  test  the  effects  of  recombinant  BMP-2  on  two  populations  of 
hematopoietic  cells  from  umbilical  cord  blood.  It  has  been  well  documented  that  this  growth 
factor  stimulates  local  progenitor  cells  to  differentiate  into  chondrocytes  (cartilage  forming 
cells)  and  osteoblasts  and  thus  play  an  important  role  in  skeletal  development  (Woo,  2001).  In 
addition,  fibroblasts  which  are  an  integral  component  of  the  bone  marrow  where 
hematopoiesis  takes  place  secrete  GM-CSF,  G-CSF  (Granulocyte-colony  stimulating  factor), 
CSF-1  (Colony  stimulating  factor- l),and  IL-6  (Interleukin-6).  Osteoblasts  secrete  IL-6  and 
GM-CSF.  The  precursor  of  osteoclasts  is  thought  to  be  the  monocyte,  therefore,  osteoblasts 
indirectly  provide  the  growth  factor  for  synthesis  of  the  osteoclasts,  which  is  CSF-l.  It  was 
therefore  hypothesized  that  recombinant  BMP-2  would  likewise  have  a  proliferative  effect  on 
the  hematopoietic  cells. 
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Figure  2:  Effect  of  rBMP-2  on  production  of  CFU-GM  from  Untreated  CB.  RBMP-2  - 
recombinant  bone  morphogenetic  protein-2;  CFU-GM  =  colony  forming  unit-granulocyte 
macrophage;  CB  =  cord  blood. 
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■  0  ng/mL  D25  ng/mL  B  100  ng/mL 


Figure  3:  Effect  of  rBMP-2  on  production  of  CFU-GM  from  CD34-selected  CB.  RBMP-2 
recombinant  bone  morphogenetic  protein-2;  CFU-GM  =  colony  forming  unit  granulocyte 
macrophage;  CB  =  cord  blood. 
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A  total  of  five  cord  blood  samples  were  collected  from  the  umbilical  cord  at  birth. 
Cultures  were  plated  containing  methylcellulose  semi-solid  media  to  which  nucleated  cells 
from  the  untreated  and  CD34-selected  populations  were  added.  Concentrations  of  growth 
factor  were  added  at  0,  25,  and  100  ng/mL  in  duplicate.  There  was  no  significant  difference 
between  the  control  group  and  in  cultures  seeded  with  recombinant  BMP-2  using  one-way 
ANOVA.  The  studies  utilizing  recombinant  BMP-2  as  a  growth  factor  are  few  in  number. 
Bhatia  et  al,  1999  observed  differential  effects  to  the  primitive  CD34+CD38-  cell  at  a 
concentration  of  recombinant  BMP-2  of  5  ng/mL.  At  higher  concentrations  (50  ng/mL) 
differentiation  was  inhibited.  Recombinant  BMP-4,  a  member  of  the  BMP  superfamily  was 
also  tested  on  primitive  cells.  This  growth  factor  appeared  to  mimic  responses  of  recombinant 
BMP-2  at  5  ng/mL  and  inhibited  concentrations  at  higher  concentrations  (Li  et  al,  2001). 

Ploemacher  et  al,  1999  tested  recombinant  BMP-9  at  a  concentration  of  3  ng/mL  on 
murine  bone  marrow  cells  and  found  an  increased  number  of  colony  forming  cells  in  semi¬ 
solid  cultures  compared  to  higher  concentrations.  Cytokines  are  collectively  characterized  as 
being  synergistic  in  nature  and  future  studies  should  consider  utilizing  this  characteristic  with 
recombinant  BMP-2,  4,  and  9  at  low  concentrations. 

Viability  studies  were  performed  via  trypan  blue  exclusion  to  ensure  live  cells  were 
cultured.  Viability  for  all  samples  was  greater  than  90%.  This  percentage  is  consistent  with 
previous  studies  involving  cord  blood.0 

In  conclusion,  this  study  established  that  recombinant  BMP-2  had  no  significant  effect 
on  hematopoietic  clonogenic  assays  for  CFU-GM  at  seeded  concentrations  of  25  and  100 
ng/mL.  Subsequent  experiments  should  explore  the  synergistic  effects  of  other  BMP’s  with 
recombinant  BMP-2  at  low  concentrations  on  hematopoietic  cells. 
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The  editor  regrets  that  the  paper  by  James  L.  Robinson,  “Distribution  and  Occurrence  of 
Selected  Pesticides  in  Urban  and  Agricultural  Areas:  A  Comparison  Between  Central 
Alabama  and  National  Data  Sets”  published  in  the  Vol.  74,  Nos.  3/4,  July/October,  2003,  was 
published  without  the  author’s  corrections  to  the  page  proofs.  The  corrected  version  of  the 
paper  follows. 
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ABSTRACT 

The  distribution  and  occurrence  of  selected  pesticides  in  ground  water  sampled  from  30 
wells  located  in  urban  areas  and  29  wells  in  agricultural  areas  of  central  Alabama  were 
compared  to  national  data  sets  ranging  in  size  from  600  to  over  1,400  samples.  The  central 
Alabama  wells  were  completed  in  sand  and  gravel  deposits  underlying  the  flood  plains  of  the 
Alabama,  Black  Warrior,  Coosa,  and  Tallapoosa  Rivers.  These  sediments  overlie  and  recharge 
the  Cretaceous  aquifer  system  in  central  Alabama,  an  important  source  of  public  and  private 
water-supply. 

The  depth  of  the  urban  wells  ranged  from  5.6  to  29.8  meters  with  a  median  depth  of 
1 1.9  meters.  The  depth  of  the  agricultural  wells  ranged  from  6.4  to  17  meters  with  a  median 
depth  of  9.9  meters.  Ground  water  from  the  30  urban  wells  was  age  dated.  The  ground  water 
ranged  in  age  from  1  to  greater  than  45  years,  with  a  median  age  of  12  years.  Ground  water 
from  a  subset  of  8  agricultural  wells  was  age  dated.  The  ground  water  ranged  in  age  from  14 
to  34  years,  with  a  median  age  of  18.5  years.  The  ground-water  ages  are  consistent  with  the 
geology  and  hydrology  of  the  study  area  and  the  design  of  the  wells 

The  most  frequently  detected  pesticides  in  the  urban  ground  water  were  atrazine  and  its 
degradation  products  (16  samples),  dieldrin  (7  samples),  and  simazine  (6  samples).  The  most 
frequently  detected  pesticides  in  the  agricultural  ground  water  were  fluometuron  (17  samples), 
atrazine  and  its  degradation  products  (16  samples),  aldicarb  degradation  products  (7  samples), 
and  norflurazon  (7  samples). 

Pesticide  concentrations  in  the  Alabama  and  national  data  sets  were  censored  to  a 
common  threshold  so  that  detection  frequencies  in  the  data  sets  could  be  compared.  Atrazine 
was  less  frequently  detected  in  ground  water  in  central  Alabama  than  in  the  Nation; 
fluometuron,  norflurazon,  aldicarb  degradation  products,  dieldrin,  and  simazine,  were  detected 
more  frequently  in  central  Alabama.  The  detection  frequencies  of  pesticides  in  ground  water 
in  central  Alabama,  when  compared  to  the  national  detection  frequencies,  are  consistent  with 
pesticide  application  rates  in  central  Alabama. 

INTRODUCTION 

In  June  1999,  the  U.S.  Geological  Survey  (USGS)  began  a  study  of  ground-water 
quality  beneath  urban  and  agricultural  areas  of  central  Alabama  (Robinson,  2002,  2003). 
Water-quality  samples  were  collected  from  30  urban  and  29  agricultural  wells,  and  sent  to  the 
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USGS  National  Water  Quality  Laboratory  (NWQL)  in  Denver,  Colorado  for  analysis.  The 
occurrence  and  distribution  of  selected  pesticides  in  ground  water  beneath  central  Alabama 
were  compared  to  national  urban  and  agricultural  data  sets  collected  as  part  of  the  USGS 
National  Water  Quality  Assessment  Program  (NAWQA). 

The  urban  and  agricultural  study  areas  in  central  Alabama  are  located  in  the  flood  plains 
of  the  Alabama,  Black  Warrior,  Coosa,  and  Tallapoosa  Rivers  (Fig.  1).  The  flood  plains  vary 
from  less  than  8  to  more  than  16  kilometers  wide.  The  land  surface  is  flat  to  gently  rolling. 
Undeveloped  land  is  covered  with  mixed  forest  and  wetlands.  Many  small  lakes  in  the  flood 
plains  are  the  result  of  open-pit  sand  and  gravel  mining,  which  is  a  major  industry  in  the  area. 


Figure  1-Location  of  (tie  major  rivers  and  cities  in  the  Mobile  River  Basin  (from  Robinson,  2002). 
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The  urban  area  is  located  in  eastern  Montgomery,  Alabama  (Fig.  1).  The  population  of 
the  Montgomery  metropolitan  area  in  1998  was  approximately  321,000  (U.S.  Census  Bureau, 
2000).  Land  use  in  eastern  Montgomery  is  primarily  a  mixture  of  high-  to  low-density 
residential,  commercial,  light  industry,  and  forested  areas.  The  urban  area  was  developed 
between  1960  and  1998  (Robinson,  2002). 

The  agricultural  area  includes  parts  of  Autauga,  Elmore,  Lowndes,  Macon, 
Montgomery,  and  Tuscaloosa  Counties  in  central  Alabama.  Land  use  in  the  agricultural  area 
has  not  changed  substantially  in  25  to  50  years  (Robinson,  2003).  Mixed  agriculture  is  typical 
with  multiple  crop  types  grown  simultaneously  on  about  one-third  of  the  farms.  On  many 
farms,  cotton  and  corn  are  rotated,  fields  lie  fallow  for  a  season,  and  pastures  are  maintained 
for  cattle.  The  most  common  row  crops  are  cotton,  com,  soybeans,  and  wheat  (Table  1).  In 
1997,  the  average  farm  size  in  the  agricultural  area  ranged  from  196  to  524  acres  (U.S. 
Department  of  Agriculture,  2003). 

Table  1.  Selected  1992  and  1997  statistics  for  agricultural  area,  by  county  [data  from  the  U.S. 
Department  of  Agriculture,  2003], 


County 

Average 
farm  size 
(acres) 

Acres  of 

cotton 

Acres  of 
corn  for 
grain  or 
seed 

Acres  of 
soybean 

Acres  of 
wheat  for 
grain 

Autauga 

301 

9,956 

1,035 

1,381 

1,340 

Elmore 

222 

19,393 

2,167 

1,371 

640 

Lowndes 

524 

7,725 a 

2,575 

4, 1 26 a 

No  data 

Macon 

424 

5,964 

1,045 

455 

330 

Montgomery 

368 

1,372 

975 

2,241 

722 

Tuscaloosa 

196 

4,313 

4,464 

2,118 

1,162 

Total  acres 

48,723 

12,261 

11,692 

4,194 

a  1997  data  not  reported,  data  from  1992  used. 


Hydroseolosic  Setting 

The  urban  and  agricultural  study  areas  are  located  in  the  Alluvial-deltaic  Plain  of  the 
East  Gulf  Coastal  Plain  Physiographic  Province  (Sapp  and  Emplaincourt,  1975).  Average 
annual  rainfall  in  central  Alabama  ranges  from  129  to  145  centimeters  (cm)  (National  Oceanic 
and  Atmospheric  Administration,  1999).  Rainfall  is  seasonally  distributed,  with  the  greatest 
rainfall  amounts  occurring  during  the  months  of  December  through  March  (about  12-15 
centimeters  per  month,  (cm/mo));  and  the  least  rainfall  occurring  during  the  months  of  August 
through  October  (about  5-10  cm/mo). 

The  urban  and  agricultural  study  areas  are  underlain  by  alluvial  and  terrace  deposits  of 
sand,  gravel,  and  clay;  and  in  some  places,  sediments  of  the  Cretaceous  System  comprise  the 
surficial  unit  (Fig.  2).  The  alluvial  and  terrace  deposits  range  from  about  9  meters  to  more  than 
30  meters  thick,  and  form  a  shallow  aquifer  that  overlies  the  Cretaceous  aquifer  system  with 
little  or  no  hydraulic  separation  (DeJarnette  and  Crownover  1987;  Scott  and  others,  1987).  The 
Cretaceous  aquifer  system  is  susceptible  to  contamination  from  land  surface  because  of  the 
lack  of  hydraulic  separation.  Water  quality  in  the  Cretaceous  aquifer  system  is  important 
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because  this  aquifer  supplies  water  for  many  public  and  private  wells  in  Alabama  and 
Mississippi  (Robinson,  2002). 


System 

Stratigraphic 

unit 

Major 

lithology 

Thickness 

(meters) 

Hydrogeologic 

unit 

Regional 

aquifer 

system 

Quaternary 

Alluvial  and  terrace 
deposits 

Sand,  gravel,  silt, 
and  clay 

1-35  + 

Shallow 

aquifer 

Cretaceous 

Selma  Chalk 

Chalk 

0-65  + 

Confining  unit 

Southeastei 

Coastal 

Plain 

aquifer 

system 

Eutaw 

Formation 

Upper  and  lower 
marine  sand 
separated  by  clay; 
consists  of 
glauconitic  sand 
interbedded  with 
calcareous 
sandstone  and 
sandy  limestone 

0-35  + 

Cretaceous 

aquifer 

system 

Tuscaloosa 

Group 

Gordo 

Formation 

Basal  zone  of 
gravel  and  sand 
overlain  by 
lenticular  beds  of 
sand  and  clay 

0-65  + 

Coker 

Formation 

Basal  zone  of 
non-marine  sand, 
gravel,  and  clay; 
upper  marine 
zone  of  sand  and 
clay 

175  + 

Pre-Cretaceous 

Schist,  gneiss 

350  + 

Base  of  fresh¬ 
water  system 

Figure  2.  Generalized  section  of  stratigraphic  and  hydrogeologic  units  underlying  the  agricultural 
study  area  of  central  Alabama  [after  Scott,  1960;  Paulson  and  others,  1962;  Knowles  and  others, 
1963;  Scott  and  others,  1987;  Gillett  and  Hunter,  1990;  Miller,  1990]. 


METHODS 


Well  Network 

The  USGS  installed  30  wells  in  eastern  Montgomery,  Alabama,  and  29  wells  in 
agricultural  areas  in  central  Alabama  to  enable  collection  of  ground- water  samples.  One 
existing  well  in  the  agricultural  area  also  was  sampled.  The  wells  were  installed  using 
threaded,  5-cm  diameter  polyvinyl-chloride  casing  with  3-meter-long,  0.002-cm  slotted 
screens.  All  equipment  used  to  drill  the  wells  was  decontaminated  with  a  steam  cleaner.  The 
well  casings  and  screens  also  were  cleaned  with  a  steam  cleaner  and  rinsed  with  de-ionized 
water  prior  to  installation. 
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The  criteria  used  to  select  urban  well  locations  (Fig.  3)  are  outlined  in  Squillace  and 
Price  (1996).  Of  primary  concern  were  the  criteria  specifying  that  (1)  the  shallow  aquifer  in 
the  study  area  be  used  as  a  source  of  drinking  water,  a  potential  source  of  drinking  water,  or 
hydraulically  connected  to  surface  water  or  deeper  ground  water  that  is  used  as  a  source  of 
drinking  water,  and  (2)  land  use  within  the  study  area  be  residential  and  commercial 
developed  between  1970  and  the  1990’s.  The  urban  study  area  in  eastern  Montgomery  met 
these  criteria;  however,  the  last  criterion  was  modified  to  extend  the  period  of  residential 
development  in  the  study  area  from  1960  to  1998. 


t)  1  >  ,«J  OVI  I  » 


Figure  3.  Locations  of  agricultural  and  urban  wells  sampled  in  the  Mobile  River  Basin,  central  Alabama  (from  Robinson.  2003) 


The  criteria  used  to  select  agricultural  well  locations  (Fig.  3)  are  outlined  in  Gilliom 
and  others  (1995).  The  two  primary  considerations  for  the  placement  of  the  wells  were  that  (1) 
ground  water  sampled  from  the  wells  should  be  recently  recharged  (generally  less  than  10 
years  old),  and  (2)  the  predominant  land  use  in  the  vicinity  of  sampled  wells  be  row  cropping. 
This  enables  direct  assessment  of  relations  between  land-use  activity  and  ground-water  quality 
(Gilliom  and  others,  1 995).  Where  urban  residential  and  commercial  or  row  cropping  was  not 
the  predominant  land  use  surrounding  a  well,  the  well  was  located  downgradient  from  the 
targeted  land-use  type. 
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The  urban  wells  were  completed  in  the  alluvial  and  terrace  deposits  (14  wells),  that 
overlie  and  recharge  the  Cretaceous  aquifer  system,  and  in  the  Eutaw  Formation  (16  wells). 
The  depth  of  the  urban  wells  ranged  from  5.6  to  29.8  meters  with  a  median  depth  of  1 1.9 
meters.  Ground  water  from  the  30  urban  wells  was  age  dated.  The  ground  water  ranged  in  age 
from  1  to  greater  than  45  years,  with  a  median  age  of  12  years.  Detailed  information  about  the 
urban  wells  used  to  sample  water  beneath  Montgomery,  Alabama,  area  is  documented  in 
Robinson  (2002). 

The  agricultural  wells  were  completed  in  alluvial  and  terrace  deposits  (24  wells)  and 
the  Eutaw  Formation  (6  wells).  The  depth  of  the  agricultural  wells  ranged  from  6.4  to  17 
meters,  with  a  median  value  of  9.9  meters.  A  reference  well  (LUSCR1-21)  was  installed  in 
the  flood  plain  of  the  Alabama  River  (Fig.  3)  at  approximately  the  same  depth  as  the  wells 
located  in  agricultural  and  urban  areas.  The  reference  well  was  located  in  a  predominately 
forested  area  to  obtain  a  sample  of  ground  water  that  is  relatively  unaffected  by  man.  Detailed 
information  about  the  wells  used  to  sample  water  beneath  agricultural  areas  in  central 
Alabama  is  documented  in  Robinson  (2003). 

Representative  samples  of  the  alluvial  and  terrace  deposits  and  the  Eutaw  Formation 
were  collected  during  installation  of  the  urban  and  agricultural  wells.  Lithologic  descriptions 
of  the  sediments  were  prepared.  Sediment  cores  were  collected  from  each  lithologic  unit 
drilled  during  well  installation.  Representative  sediment  samples  of  each  unit  were  chilled  and 
sent  to  the  USGS  NWQL  in  Denver,  Colorado,  for  organic  carbon  analysis. 

Water-Quality  Samp  tins  and  Analyses 

Sampling  procedures  followed  USGS  ground-water  sampling  protocols  (Koterba  and 
others,  1995).  Values  of  pH,  temperature,  specific  conductance,  dissolved  oxygen,  turbidity, 
and  alkalinity  were  measured  during  sample  collection.  Samples  were  sent  to  the  USGS 
NWQL  in  Denver,  Colorado,  for  analysis  for  109  pesticides  and  pesticide  degradation 
products.  Samples  from  38  wells  were  analyzed  for  chlorofluorocarbons  (CFCs),  dissolved 
gases,  and  sulfur  hexafluoride  (SF6)  at  the  USGS  Chlorofluorocarbon  Laboratory  in  Reston, 
Virginia.  Results  of  analyses  were  published  in  Pearman  and  others  (2001,  2002,  2003)  and 
Robinson  (2002,  2003). 

The  analytical  methods  and  laboratory  reporting  levels  (LRLs)  of  the  National  Water 
Quality  Laboratory  vary  with  time.  Comparison  of  detection  frequencies  between  data  sets  can 
be  misleading  because  of  the  different  analytical  methods  and  LRLs.  Pesticide  data  are 
sometimes  adjusted  by  censoring  to  a  common  threshold  (values  less  than  the  threshold  are 
not  considered  detections)  to  reduce  this  type  of  bias.  Analysis  for  some  pesticides  in  ground- 
water  samples  from  central  Alabama  was  performed  using  an  analytical  method  that  was 
capable  of  detecting  much  smaller  concentrations  of  pesticides  than  the  analytical  method 
used  for  the  national  data  set.  In  comparison  to  the  Alabama  data,  the  national  data  set  may 
contain  “false  negatives”.  When  necessary,  pesticide  data  for  central  Alabama  and  the  national 
data  set  were  censored  to  a  common  threshold  so  that  detection  frequencies  could  be 
compared. 
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RESULTS 

The  chemical  and  physical  properties  of  sediments  through  which  ground  water  flows 
can  affect  ground-water  quality.  Soils  with  low  organic  carbon  content  may  increase  the 
potential  for  pesticides  to  enter  ground  water  (Barbash  and  Resek,  1996).  Sediment  collected 
from  the  alluvial  and  terrace  deposits  and  the  Eutaw  Formation  had  organic  carbon  content 
ranging  from  less  than  0.01  to  0.33  percent  with  a  median  value  of  0.03  percent.  The  low 
organic  carbon  content  of  the  aquifer  materials  may  increase  the  mobility  of  pesticides  in  the 
ground-water  system. 

Ground  water  collected  from  the  urban  and  agricultural  wells  typically  had  acidic  pH 
values  and  low  specific  conductance  and  alkalinity  values.  The  values  measured  were 
consistent  with  shallow  ground  water  that  has  been  recently  recharged  (Robinson,  2002). 
Pesticides  were  detected  in  ground  water  collected  from  23  urban  and  25  agricultural  wells. 
The  most  frequently  detected  pesticides  in  the  urban  ground  water  were  atrazine  and  its 
degradation  products  (16  samples),  dieldrin  (7  samples),  and  simazine  (6  samples).  The  most 
frequently  detected  pesticides  in  the  agricultural  ground  water  were  fluometuron  ( 1 7  samples), 
atrazine  and  its  degradation  products  (16  samples),  aldicarb  degradation  products  (7  samples), 
and  norflurazon  (7  samples).  Herbicides  and  their  degradation  products  were  the  most 
frequently  detected  class  of  pesticides  (Table  2).  The  greatest  concentration  of  any  pesticide 
was  an  estimated  value  of  1.4  microgram  per  liter  (jrg/L)  of  fluometuron. 

Ground  water  collected  from  30  urban  wells  and  8  agricultural  wells  was  analyzed  for 
the  environmental  tracers  CFCs  and  SF6.  Ground-water  age  is  estimated  by  relating  the 
measured  concentration  of  the  environmental  tracer  in  the  ground  water  to  the  reconstructed 
historical  atmospheric  concentration  and  (or)  to  calculated  concentrations  expected  in  water  in 
equilibrium  with  air  (Busenberg  and  Plummer,  1992,  1997,  2000).  The  estimated  age  of  the 
water  refers  to  the  date  of  the  introduction  of  chemicals  to  the  water,  which  is  assumed  to  be 
from  the  atmosphere  and  prior  to  the  water  entering  the  aquifer.  Ground  water  sampled  from 
the  urban  wells  ranged  in  age  from  1  to  greater  than  45  years  with  a  median  value  of  12  years. 
Ground  water  sampled  from  the  agricultural  wells  ranged  in  age  from  1 4  to  34  years,  with  a 
median  age  of  1 8.5  years.  The  ages  estimated  for  the  ground  water  are  consistent  with  the 
geology  and  hydrology  of  the  study  area  and  the  design  of  the  wells. 

COMPARISON  TO  NATIONAL  DATA 

Pesticide  data  for  central  Alabama  and  the  national  data  set  were  censored  to  a  common 
threshold  so  that  detection  frequencies  could  be  compared.  Censored  to  a  common  LRL  of  > 
O.Olpg/L,  ground-water  collected  from  beneath  Montgomery,  Alabama,  had  detection 
frequency  rates  for  dieldrin  and  deethyl  atrazine  two  to  three  times  greater  than  the  national 
data  set  (Table  3).  The  detection  frequency  rate  for  atrazine  was  about  the  same  as  in  the 
national  data. 

Censored  to  a  common  LRL  of  >  O.lpg/L,  ground-water  collected  from  beneath 
agricultural  areas  in  central  Alabama  had  detection  frequency  rates  for  fluometuron, 
norflurazon,  and  aldicarb  sulfone  greater  than  in  agricultural  areas  nationally  (Table  3).  The 
herbicide  atrazine  and  its  degradation  product  deethyl  atrazine,  when  censored  to  a  common 
LRL  of  >  O.Oljig/L,  were  detected  less  frequently  in  ground  water  beneath  agricultural  areas 
in  central  Alabama  than  in  agricultural  areas  nationally  (Table  3). 
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Table  2.  Detection  frequencies,  maximum  concentrations,  and  application  rates  for  selected 
pesticides  and  degradation  products  in  ground  water  beneath  urban  and  agricultural  areas  of 
central  Alabama  [H,  herbicide;  I,  insecticide;  LRL,  laboratory  reporting  limit;  pg/L, 
micrograms  per  liter;  E,  estimated  concentration  less  than  the  laboratory  reporting  level  but 
above  the  long-term  method  detection  level  or  concentration  greater  than  the  calibrated  range 
of  the  apparatus;  kg,  kilogram;  km  2 ,  square  kilometer]. 


Detection  Frequency 

in  central  Alabama  Maximum  Application  rate 

at  all  LRL  Concentration  in  central  Alabama  “Major 

y 

Pesticide _ Class _ (percent) _ (pg/L)  (kg/km  of  county/year)  Crop 

URBAN  SAMPLES 


bDeethyl  Atrazine 

H 

53.3 

E  0.36 

Atrazine 

H 

33.3 

.55 

Dieldrin 

I 

23.3 

.05 

Simazine 

H 

20.0 

.28 

AGRICULTURAL  SAMPLES 

Fluometuron 

H 

58.6 

E  1.4 

0.2 

-  4 

cotton 

bDeethyl  Atrazine 

H 

34.5 

E  .06 

Atrazine 

H 

24.1 

.15 

<2 

-  1 

corn 

Norflurazon 

H 

24.1 

E  .42 

.02 

-  .3 

cotton 

Aldicarb  Sulfoxide 

I 

24.1 

E  .06 

d  .1 

-  1.4 

cotton 

Aldicarb  Sulfone 

I 

17.2 

E  .14 

“Application  rate  of  active  ingredient;  Source:  U.  S.  Geological  Survey,  2003. 
degradation  product  of  atrazine;  atrazine  is  applied  to  corn, 
degradation  product  of  aldicarb;  aldicarb  is  applied  to  cotton. 

Application  rate  is  for  aldicarb. 


DISCUSSION 

Dieldrin  was  detected  in  seven  samples  of  ground  water  collected  from  beneath 
Montgomery,  Alabama.  The  insecticide  dieldrin  was  discontinued  in  1979,  but  Verschueren 
(1983)  reported  that  75  -  100  percent  disappearance  of  dieldrin  from  soils  can  take  3  to  25 
years.  The  age  of  the  ground  water  containing  dieldrin  ranged  from  2  to  12  years,  with  a 
median  age  of  7  years.  This  suggests  that  dieldrin  persisting  in  soil  is  transported  into  the 
shallow  aquifer  beneath  Montgomery,  Alabama  by  rainwater  or  watering  of  lawns.  The 
frequency  of  detection  of  fluometuron,  norflurazon,  and  aldicarb  sulfone  in  central  Alabama 
agricultural  areas  (Table  3)  is  consistent  with  their  application  rates  in  central  Alabama,  which 
rank  in  the  middle  to  upper  third  of  application  rates  nationally  (U.S. Geological  Survey, 
2003). 
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Table  3.  Detection  frequencies  at  common  laboratory  reporting  levels  for  selected  pesticides 
in  ground  water  beneath  agricultural  areas  of  central  Alabama  and  the  Nation  [pg/L, 
micrograms  per  liter;  GC/MS,  Gas  Chromatograph/Mass  Spectrometer,  NWQL  schedules 
2001  and  2010;  HPLC,  High  Pressure  Liquid  Chromatograph,  NWQL  schedules  2050,  2051, 
2060]. 


Detection  Frequency  National  Rank 

Alabama  aNation  Common  LRL  Analytical  of  Alabama 


Pesticide  (percent)  (pg/L)  method  application  rate 


URBAN  SAMPLES 

Atrazine 

16.7 

17.9 

>0.01 

GCMS 

Deethyl  Atrazine 

30.0 

13.7 

>0.01 

GCMS 

Dieldrin 

10.0 

3.04 

>0.01 

GCMS 

Simazine 

16.7 

>11.9 

>0.01 

GCMS 

AGRICULTURAL  SAMPLES 

Fluometuron 

20.7 

0.24 

>0.1 

HPLC 

mid  -  upper  thir 

Norflurazon 

6.9 

1.96 

>0.1 

HPLC 

upper  third 

Aldicarb  Sulfone 

3.4 

>.08 

>0.1 

HPLC 

bmid  -  upper  thir 

Atrazine 

17.2 

29.0 

>0.01 

GC/MS 

lower  third 

Deethyl  Atrazine 

6.9 

26.7 

>0.01 

GC/MS 

a  Source  U.  S.  Geological  Survey,  2003. 
b  Application  rate  is  for  parent  product,  aldicarb. 


The  frequency  of  detection  of  atrazine  and  deethyl  atrazine  (Table  3)  is  consistent  with  the 
application  rate  of  atrazine  in  central  Alabama,  which  ranks  in  the  lower  third  of  application 
rates  nationally  (U.S.  Geological  Survey,  2003). 

Nationally,  in  both  urban  and  agricultural  land  use  settings,  atrazine  and  deethyl 
atrazine  typically  are  detected  at  about  the  same  frequency  over  a  range  of  concentrations 
from  0.1  to  greater  than  1.0  pg/L  (Table  4).  A  graph  of  the  detection  frequencies  of  atrazine 
and  deethyl  atrazine  in  the  national  data  set,  grouped  into  four  concentration  levels  (all 
detections,  >0.01,  >0.1,  and  >1.0),  shows  a  linear  trend  for  both  urban  and  agricultural  land- 
use  settings  (Fig.  4).  Results  of  linear  regression  analysis  (Fig.  4)  indicates  that  detection 
frequencies  of  atrazine  and  deethyl  atrazine  are  directly  related. 

Atrazine  was  detected  less  frequently  than  deethyl  atrazine  in  the  central  Alabama 
urban  ground  water.  A  graph  of  detection  frequencies  of  atrazine  and  deethyl  atrazine  in  the 
central  Alabama  urban  ground  water,  grouped  into  four  concentration  levels  (all  detections, 
>0.01,  >0.1,  and  >1.0),  shows  a  linear  trend;  however,  the  data  plot  above  the  national  data 
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Table  4.  Detection  frequency  at  common  laboratory  reporting  levels  for  atrazine  and  deethyl 
atrazine  in  ground  water  beneath  agricultural  and  urban  areas  of  central  Alabama  and  the 
Nation  [gg/L,  micrograms  per  liter]. 


Detection  Frequency  (percent)  at  Common  LRL,  (gg/L) 

Pesticide  All  >0.01  >0.1  >1.0 

“NATIONAL  DATA 


Urban 

Atrazine 

32.0 

17.9 

5.28 

0.72 

Deethyl  Atrazine 

31.5 

13.7 

2.52 

0.00 

Agricultural 

Atrazine 

41.9 

29.0 

13.6 

1.53 

Deethyl  Atrazine 

42.0 

26.7 

10.9 

0.63 

CENTRAL  ALABAMA  DATA 

Urban 

Atrazine 

33.3 

16.7 

10.0 

0.0 

Deethyl  Atrazine 

53.3 

30.0 

16.7 

0.0 

Agricultural 

Atrazine 

24.1 

17.2 

3.4 

0.0 

Deethyl  Atrazine 

34.5 

6.9 

0.0 

0.0 

“Source  U.S.  Geological  Survey,  2003. 


(Fig.  4).  Results  of  linear  regression  analysis  indicates  that  detection  frequencies  of  atrazine 
and  deethyl  atrazine  are  directly  related;  but  deethyl  atrazine  was  more  frequently  detected  in 
the  Alabama  urban  land-use  setting  than  in  the  national  urban  data  set. 

In  the  central  Alabama  agricultural  data,  a  graph  of  the  detection  frequencies  of 
atrazine  and  deethyl  atrazine,  grouped  into  four  concentration  levels  (all  detections,  >0.01, 
>0. 1 ,  and  >1 .0),  shows  that  the  data  plot  is  not  linear  (Fig.  4).  This  suggests  that  the 
occurrence  of  deethyl  atrazine  in  the  Alabama  agricultural  area  is  not  directly  related  to  the 
occurrence  of  atrazine.  The  detection  frequencies  of  atrazine  and  deethyl  atrazine  in  the 
central  Alabama  agricultural  data  may  indicate  that  atrazine  is  not  the  only  parent  compound 
that  is  degrading  to  produce  deethyl  atrazine.  Deethyl  atrazine  also  can  be  a  by-product  of 
propazine  degradation  (Thurman  and  others,  1998).  Cyprazine  also  degrades  into 
decyclopropyl  cyprazine,  which  is  structurally  identical  to  deethyl  atrazine  (Barbash  and 
Resek,  1996).  Use  of  cyprazine,  sold  under  the  trade  name  of  Outfox,  was  discontinued  in 
1989.  The  Alabama  Department  of  Environmental  Management  (Dr.  Enid  Probst,  oral 
commun.,  2003),  Alabama  Department  of  Agriculture  and  Industry  (Tony  Cofur,  oral 
commun.,  2003),  and  the  Alabama  Cooperative  Extension  Service  (Dr.  John  Everest,  written 
commun.,  2003)  have  no  record  of  cyprazine  ever  being  used  in  Alabama.  Propazine,  sold 
under  the  trade  name  of  Milogard,  was  applied  to  sorghum  in  central  Alabama  for  several 
years,  but  its  use  is  no  longer  recommended  (Dr.  John  Everest,  Alabama  Cooperative 
Extension  Service,  written  commun.,  2003).  Ground-water  samples  collected  for  this  study 
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were  not  analyzed  for  propazine;  however,  it  is  possible  that  some  of  the  deethyl  atrazine 
detected  in  the  ground  water  resulted  from  propazine  degradation. 


A  National  urban  data 
▲  National  agnculturai  data 
□  Alabama  urban  data 
■  Alabama  agricultural  data 
“  Linear  (Alabama  urban  data) 

—  —  Linear  (National  agricultural  data) 
—  Linear  (National  urban  data) 


60.00 


Figure  4  Atrazine  and  deethyl  atrazine  detection  frequencies  for  national  and  central  Alabama 
data  sets  for  the  four  data  groupings  listed  in  Table  4:  all  detections;  >.0  01:^0 1;  >.1  ug/L. 


SUMMARY  AND  CONCLUSION 

The  urban  and  agricultural  study  areas  in  central  Alabama  are  located  in  the  flood 
plains  of  the  Alabama,  Black  Warrior,  Coosa,  and  Tallapoosa  Rivers.  The  flood  plains  are 
underlain  by  alluvial  and  terrace  deposits  and  the  Cretaceous  aquifer  system.  These  sediments 
have  a  low  organic  carbon  content,  which  may  increase  the  mobility  of  pesticides  in  ground 
water. 

Pesticides  were  detected  in  23  of  30  urban  ground-water  samples  and  25  of  29 
agricultural  ground-water  samples.  The  most  frequently  detected  compounds  in  the  urban 
land-use  setting  were  deethly  atrazine,  atrazine,  dieldrin,  and  simazine.  The  most  frequently 
detected  compounds  in  the  agricultural  land-use  setting  were  fluometuron,  deethyl  atrazine, 
norflurazon,  atrazine,  aldicarb  sulfoxide,  and  aldicarb  sulfone.  The  frequency  of  detection  of 
these  pesticide  compounds  in  central  Alabama,  when  compared  to  their  frequency  of  detection 
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nationally,  is  consistent  with  their  application  rates  in  central  Alabama.  Detection  frequencies 
of  atrazine  and  deethyl  atrazine  in  ground-water  collected  from  central  Alabama  may  indicate 
that  an  additional  parent  compound  such  as  propazine  also  is  degrading  to  produce  deethyl 
atrazine;  however,  ground-water  samples  collected  from  central  Alabama  were  not  analyzed 
for  propazine. 
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HUMAN  EMBRYONIC  STEM  CELLS:  THE  BIOLOGY  AND  ETHICS  BEHIND  THE 

DEBATE 


Mark  Powell 
Biomedical  Sciences 
Auburn  University,  AL  36849 


The  Human  Embryonic  Stem  Cell  Debate:  Science,  Ethics,  and  Public  Policy,  S.  Holland,  K. 
Lebacqz,  and  L.  Zoloth,  eds,  141pp.  plus  glossary  and  index,  Cambridge,  MA,  The  MIT  Press,  2001 . 

Among  the  most  passionately  debated  and  controversial  issues  in  science  and  society  today  is 
human  embryonic  stem  cell  (hESC)  research.  This  biotechnology  has  spawned  a  wide  variety  of 
strong  opinions  its  associated  ethical  issues.  Through  an  anthology  of  essays,  the  editors  of  The 
Human  Embryonic  Stem  Cell  Debate:  Science,  Ethics,  and  Public  Policy  hope  to  provide  for  this 
subject  the  “first  critical  contribution  to  the  public  discourse  so  integral  to  our  society,  to  medicine, 
and  to  the  field  of  bioethics.” 

Although  it  had  been  a  longstanding  project,  the  November,  1 998,  announcement  by  James 
Thomson  and  his  co-workers  at  the  University  of  Wisconsin- Madison  that  lines  of  pluripotent  hESCs 
had  been  established  from  human  blastocyts  ( Science  282: 1 145-1 1 47)  touched  off  an  intense  ethical 
debate  that  continues  today.  The  Human  Embryonic  Stem  Cell  Debate:  Science,  Ethics,  and  Public 
Policy  makes  a  constructive  contribution  to  the  dialogue  by  providing  a  “foundation  of  thinking” 
about  the  many  issues  surrounding  hESC  research  including  “the  nature  of  human  life,  the  limits  of 
intervention  into  human  cells  and  tissues,  and  the  meaning  of  corporeal  existence.”  It  also  addresses 
human  dignity,  respect,  and  justice. 

The  book  contains  twenty  essays  written  by  nineteen  authors  and  is  organized  into  four 
sections:  (I)  The  Science  and  Background  of  Human  Embryonic  Stem  Cells;  (II)  Raising  the  Ethical 
Issues;  (Til)  Angles  of  Vision;  (IV)  Public  Discourse,  Oversight,  and  the  Role  of  Research  in  Society. 
Contributors  include  Christian  ethicist  Michael  Mendioia  (Pacific  School  of  Religion),  Jewish  ethicist 
Laurie  Zoloth  (San  Francisco  State  University),  medical  ethicist  Ernie  Young  (Stanford  University), 
biomedical  ethicist  John  Fletcher  (University  of  Virginia),  C.E.O.  of  Geron  Corporation  Thomas 
Okarma,  medical  professor  Francoise  Baylis  (Dalhousie  University),  and  researcher  Cynthia  Cohen 
(Georgetown  University). 

Editors  Suzanne  Holland  (Assistant  Professor  of  Religious  and  Social  Ethics  at  the 
University  of  Puget  Sound),  Karen  Lebacqz  (Gordon  Sproul  Professor  of  Theological  Ethics  at  the 
Pacific  School  of  Religion),  and  Laurie  Zoloth  (Professor  of  Social  Ethics  and  Jewish  Philosophy  and 
Director  of  the  Program  in  Jewish  studies  at  San  Francisco  State  University)  were  involved  in  early 
conversations  about  the  ethics  of  hESC  research.  Lebacqz  and  Zoloth  were  members  of  the  Geron 
Ethics  Advisory  Board  (GEAB)  and  supported  stem  cell  research.  Both  women  were  also  involved  in 
American  Academy  for  the  Advancement  of  Science  (AAAS)  meetings  resulting  in  policy 
recommendations  for  hESC  research. 
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An  introductory  section  provides  background  information  about  the  biology  of  hESCs  and 
the  history  of  hESC  research.  Okarma  and  Thomson  provide  an  overview  on  what  human  embryonic 
stem  cells  are  and  their  source  B  the  inner  cell  mass  of  a  5-day  old  embryo,  the  blastocyst.  In 
mammalian  development,  the  blastocyst  is  the  stage  of  development  that  follows  the  morula,  a  solid 
ball  of  non-specialized  cells.  It  consists  of  two  parts  B:  the  outer  layer  of  cells  called  the  trophoblast 
and  an  inner  cell  mass  consisting  of  about  30-150  cells.  Trophoblast  cells  will  form  the  fetal 
contribution  to  the  placenta,  and  the  inner  cell  mass  will  give  rise  to  the  fetus  itself.  When  removed 
from  the  blastocyst  and  cultured  in  glass  culture  dishes  containing  an  appropriate  artificial  culture 
medium,  cells  of  the  inner  cell  mass  will  multiply  indefinitely  and  maintain  the  ability  to  any  of  the 
over  200  cell  types  found  in  the  adult  body.  For  this  reason  they  are  called  pluripotent  cells. 

The  two  authors  also  discuss  the  potential  clinical  applications  of  hESC  such  as  treatment  for 
degenerative  diseases  such  as  Parkinson’s  and  Alzheimer’s  and  repair  of  tissue  damage  due  to  heart 
attack,  stroke,  or  traumatic  injury  to  the  spinal  cord.  Although  they  produce  valid  arguments  for 
hESC  research,  their  arguments  are  weakened  because  they  do  not  address  possible  counterarguments 
to  the  research.  These  two  essays  however  do  give  readers  the  scientific  background  needed  to 
understand  the  potential  uses  of  hESCs  in  the  context  of  ethical  debates  associated  with  the  research. 

The  last  chapter  of  Section  I  provides  an  excellent  transition  to  Section  II,  “Raising  the 
Ethical  Issues.”  Fletcher  gives  a  concise  overview  of  the  political  history  of  the  research.  He 
discusses  Roe  vs.  Wade  (1973),  which  states  that  a  fetus  is  not  a  person  in  the  context  of 
constitutionally  protected  rights.  Congressional  concern  that  the  ruling  might  result  in  exploitation  of 
aborted  fetuses  for  research  led  to  establishment  of  the  National  Commission  for  the  Protection  of 
Human  Subjects  of  Biomedical  and  Behavioral  Research  (1974)  charged  with  developing  guidelines 
for  fetal  research.  Fletcher  also  discusses  the  ban  on  federal  funding  for  embryo  research  (1996) 
which  has  only  encouraged  the  private  sector  to  capitalize  on  human  embryonic  stem  cell  research. 
This  chapter  not  only  provides  information  about  political  aspects  of  the  hESC  debates,  but  also 
details  critical  moves  by  the  government  to  regulate  related  procedures  and  technologies  like  abortion 
and  in  vitro  fertilization. 

Section  II  dissects  opposing  sides  in  the  stem  cell  debates  and  the  roles  that  the  National 
Bioethics  Advisory  Commission  (NBAC)  and  Human  Embryo  Research  Panel  (HERP)  have  had  in 
the  debate.  Erik  Parens  (Hastings  Center)  discusses  both  sides  of  the  hESC  research  argument  B  the 
main  pro  being  the  promise  to  reduce  suffering  and  promote  well-being,  and  the  main  con  being  the 
destruction  of  embryos  that  some  believe  deserve  moral  status  and  therefore  protection. 

In  discussing  the  moral  status  issue,  he  explains  the  so  so-called  “discarded-created 
argument”  which  offers  that  the  moral  status  of  the  embryo  and  the  research  on  it  is  a  function  of  the 
intention  of  its  maker.  Is  the  embryo  from  which  stems  cells  are  being  obtained  a  surplus  embryo 
from  an  in  vitro  fertilization  attempt,  or  has  it  been  created  specifically  for  the  purpose  of  deriving  a 
stem  cell  line  for  research?  Although  to  some  this  is  an  attractive  compromise  position,  it  suffers  by 
making  the  moral  status  of  an  embryo  dependent  on  factors  external  to  the  embryo  itself.  This  essay 
is  among  the  better  ones  in  the  book  in  that  it  fairly  presents  multiple  sides  of  the  debate. 

Section  II  also  examines  the  report  released  by  the  National  Bioethics  Advisory  Commission 
dealing  with  the  source  of  hESCs  used  in  research.  Baylis  provides  a  critique  of  the  report  and  gives 
an  insightful  and  informative  look  at  one  of  the  most  controversial  issues  in  the  stem  cell  debates. 

Section  III,  “Angles  of  Vision,”  provides  windows  for  viewing  the  stances  that  people  from 
different  backgrounds  have  taken  on  the  ethical  issues  of  hESC  research.  Contributors^  backgrounds 
include  Jewish,  Catholic,  Protestant,  and  secular.  Elliot  Dorff  (University  of  Judaism)  and  Zoloth 
write  that  Jewish  theology  views  a  pre-implantation  embryo  as  a  non-ensouled  entity  deserving 
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respect  but  not  the  moral  status  of  a  person.  Since  it  is  not  part  of  a  human,  genetic  material  outside 
of  the  uterus  (i.e.  an  aborted  baby  or  stem  cells  from  an  embryo)  has  no  legal  status;  therefore,  if  it 
will  benefit  human  life,  hESC  research  is  acceptable.  By  contrast,  most  Catholic  perspectives  confer 
moral  status  on  the  embryo  at  conception  and  therefore  oppose  all  human  embryo  research.  Margaret 
Farley  (Yale  University),  however,  points  out  that  some  Catholic  theologians  do  not  confer  moral 
status  on  the  embryo  until  after  the  primitive  streak  stage  at  about  two  weeks  after  fertilization, 
leaving  the  door  open  to  use  of  the  blastocyst  for  hESC  research.  Finally,  writing  as  a  Catholic, 
Mendiola  promotes  the  notion  of  tolerance  for  democratic  public  policies  and  practices  that  may  go 
against  an  individual’s  moral  convictions  so  long  those  convictions  continue  to  be  honored  by  the 
individual.  In  the  case  of  blastocyst  use  for  obtaining  hESCs,  such  toleration  might  be  made  palatable 
if  the  clinical  potential  of  adult  stem  cells  were  deemed  exhausted  short  of  what  hESCs  have  to  offer. 
The  editors  do  a  laudable  job  of  incorporating  diverse  views  on  the  stem  cell  debate  into  this  section, 
and  the  attentive  reader  cannot  help  but  gain  respect  for  the  diverse  stances.  Respect  for  others’ 
views  is  a  good  thing. 

The  concluding  section,  “Public  Discourse,  Oversight,  and  the  Role  of  Research  in  Society,” 
addresses  how  stem  cell  research  may  affect  society  at  large.  The  editors  provide  example  of 
challenges  that  hESC  research  faces  outside  the  laboratory.  Thomas  Shannon  (Worcester  Polytechnic 
Institute)  writes  that  the  macro  issue  of  “the  social  context  in  which  such  cells  would  be  used”  needs 
to  be  solved  first.  He  believes  that  the  biology  of  hESCs  and  their  clinical  possibilities  should  be 
better  understood  before  their  potentials  to  heal  are  promoted  to  the  public.  Shannon  also  questions 
whether  public  money  could  be  better  spent  for  other  needs  like  improved  public  health.  He  fears  that 
everyone  may  not  benefit  equally  from  hESC  research  because  of  the  likely  high  cost  for  therapeutic 
procedures.  Shannon  succeeds  in  explaining  the  importance  of  this  macro  issue  that  is  too  often 
overshadowed  by  the  micro  issue,  the  actual  source  of  hESCs,  in  the  ethical  debates. 

The  editors  hoped  to  produce  a  book  that  provides  the  “first  critical  contribution  to  the  public 
discourse  so  integral  to  our  society,  to  medicine,  and  to  the  field  of  bioethics.”  and  they  accomplish 
that  goal.  Holland,  Lebacqz,  and  Zoloth’s  book  is  valuable  for  informing  stem  cell  researchers  about 
the  ethical  implications  of  their  work  and  for  supplying  scientific  insight  for  those  primarily 
embroiled  in  the  ethical  issues.  Lay  persons  will  also  benefit  from  the  book,  with  the  result  that 
society  at  large  will  gain  understanding  about  the  promise  and  controversy  surrounding  human 
embryonic  stem  cell  research. 


Mark  Powell  is  a  medical  student  at  the  University  of  Alabama-Birmingham.  This  review  was  written 
for  an  undergraduate  Bioethics  Research  course  with  mentoring  and  editing  by  James  T.  Bradley, 
Department  of  Biological  Sciences,  331  Funchess  Hall,  Auburn  Uni  versity,  AL  36849. 
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THE  BIOETHICS  OF  INDIVIDUAL  HUMAN  IDENTITY:  CLONING  AND  THE 
POTENTIAL  ERASURE  OF  THE  HUMAN  FINGERPRINT 


Stephen  D.  Rygiel 

Department  of  Pathology,  Research  Technician 
The  University  of  Alabama  at  Birmingham 
Birmingham,  AL  35205 
sdrygiel@uab.edu 


Human  Cloning  and  Human  Dignity:  The  Report  of  the  President ’s  Council  on  Bioethics,  Leon  R. 
Kass,  M.D.,  Chairman,  350  pp.  New  York,  NY:  Public  Affairs,  2002. 

In  the  1932  novel,  A  Brave  New  World ,  Aldous  Huxley  imagined  a  future  when  identical 
human  beings  would  be  technologically  manufactured  in  batches  using  a  fictitious  “Bokanovsky 
Process.”  Modem  science,  warned  Huxley,  could  one  day  be  responsible  for  alleviating  all  suffering, 
disease,  and  sadness.  As  a  side  effect,  however,  human  beings  would  be  stripped  of  their  freedoms, 
individualities,  and  personal  identities.  The  possibility  of  a  factory-style  mass  production  of  the 
human  species  disturbs  our  very  deepest  conceptions  of  humanity  and  personhood.  The  willful 
cloning  of  genetically  identical  beings  through  innovations  of  human  intellection  not  only  calls  into 
question  identity  on  the  level  of  the  individual,  but  begs  questions  concerning  the  cosmic  “place’  of 
the  entire  race. 

What  appeared  a  preposterous  notion  only  seventy  years  ago  today  seems  reasonable  enough 
to  have  compelled  officials  of  the  federal  government  of  the  United  States  to  formally  address 
bioethical  issues  associated  with  human  cloning  and  embryo  research,  in  order  to  define  with  greater 
clarity  what  it  means  legally,  ethically,  and  morally  to  be  “human.”  Such  was  the  task  given  to  the 
President’s  Council  on  Bioethics,  established  by  President  George  W.  Bush’s  Executive  Order 
#13237,  issued  on  November  28,  2001 .  Created  explicitly  in  order  to  advise  the  President  and  to 
monitor  advanced  scientific  research,  the  Council  made  policy  recommendations  to  President  Bush 
concerning  two  key  areas  during  the  summer  of 2002:  cloning-to-produce-children  and  cloning- for- 
biomedical-research.  After  deliberating  in  twelve  ninety-minute  sessions,  the  eighteen-person 
Council  voted  for  an  unequivocally  unanimous  ban  on  cloning-to-produce-children,  while  votes  on 
cloning-for-biomedical-research  produced  no  consensus.  The  exact  voting  broke  down  as  follows: 

permit  cloning  now  with  regulations  moratorium  complete  ban 
cloning-to-produce-children  0  0  17 

cloning-for-research  7  3  7 

The  full  report  the  Council  generated  appears  in  the  book,  Human  Cloning  and  Human 
Dignity.  Written  for  an  audience  of  reasoning  and  morally  serious  people,  the  book  is  comprised  of  a 
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letter  of  transmittal  to  President  Bush,  an  executive  summary,  a  foreword,  eight  chapters  detailing  the 
content  of  the  sessions,  chapter  notes,  a  brief  glossary,  and  a  bibliography.  Additionally,  an  appendix 
of  personal  statements  from  thirteen  of  the  Council  members  allowed  the  voicing  of  further  concerns 
from  particular  members  who  did  not  feel  that  the  official  Council  Report  adequately  represented  their 
own  positions.  Dr.  Leon  R.  Kass,  from  the  University  of  Chicago,  was  tapped  by  President  Bush  to 
chair  the  Council.  Council  membership  included  seventeen  other  professionals  (four  women  and 
fourteen  men)  ranging  intellectually  from  medical  doctors,  ethicists,  and  writers  to  professors  of  law, 
science,  political  economy,  philosophy,  psychiatry,  and  government. 

A  sense  of  history  formation  pervades  the  Report,  overtly  in  several  places.  Making  special 
note  of  heightened  national  moral  gravity  in  a  post  9/1 1  America,  Kass  historicizes  the  implications 
of  decision-making  at  the  federal  level  in  a  world  wherein  “we  see  more  clearly  evil  for  what  it  is,” 
but  face  bioethical  dilemmas  in  which  the  potentially  “good”  and  “evil”  are  inextricably  linked  and 
thus  difficult,  if  not  impossible,  to  disentangle.  By  the  time  the  Council  first  convened,  documented 
research  revealed  that  cloned  human  embryos  had  been  grown  up  to  the  six  cell  stage  before 
spontaneously  aborting.  Stem  cells  had  been  isolated  from  human  embryos,  destroying  the  embryos 
in  the  process,  since  1998.  Furthermore,  two  separate  commissions,  theNBAC  in  1997  and  the  NAS 
in  2002,  had  determined  that  cloning  was  unethical  because  of  safety  risks  and  possible  harm  to  the 
women  involved  in  both  extraction  of  eggs  and  implantations  of  cloned  embryos.  The  Bush  Council 
broadened  its  inquiries  in  scope  beyond  technological  concerns  by  discussing  the  ultimate  goals  of 
science,  determining  what  were  human  goods,  and  distinguishing  between  biomedical 
processes/means  and  goods/end-products. 

As  the  cover  of  Human  Cloning  and  Human  Dignity  hints  and  the  foreword  explains,  the 
individuality  and  uniqueness  of  the  human  fingerprint  serves  as  the  controlling  metaphor  for 
conceptualizing  a  pre-  and  post-cloning  world.  Cloning  potentially  represents  a  de-privatization  and 
industrialization  of  human  procreation,  while  challenging  intrinsic  sexuality  and  human  sexual 
behavior  in  ways  never  fathomed.  Foci  that  guided  the  Council’s  discussion  of  biomedical  research  in 
general  were  as  follows:  “questions  about  our  individuality  and  identity,  freedom  and  limitation, 
nature  versus  nurture,  respect  for  life  versus  the  search  for  cures,  procreation  versus  manufacture,  the 
meaning  of  having  a  child,  relations  among  the  generations,  the  definition  of  ‘normal’  and  the 
standards  for  ‘improving’  upon  it,  and  the  ultimate  goals,  and  limits,  of  science  and  medicine”  (p. 
xv).  One  of  the  first  tasks  the  Council  undertook  was  to  define  terminology,  and  to  make  clear  the 
Council’s  distinction  between  cloning-to-produce-children  and  cloning-for-biomedical-research(most 
other  developed  countries  currently  make  no  policy  distinctions  between  cloning  and  broader 
biomedical  technologies).  Crucial  to  the  distinction  between  reproductive  and  therapeutic  cloning 
was  the  assertion  that  the  human  embryo  is  “an  organism  in  its  germinal  stage,”  and  is  to  be 
considered  as  a  whole,  as  opposed  to  a  definition  of  “cells  in  tissue  culture.”  After  contextualizing 
the  place  of  cloning  technologies  in  human  history  in  the  book,  the  Council  reiterates  the  need  for 
public  policy,  though  often  without  full  democratic  support,  for  guiding  scientific  progress.  The 
postulation  that  cloning  and  asexual  procreation  may  paradigmatically  entail  a  “new  conception  of 
what  it  means  to  be  human”  poses  Constitutional  and  legal  problems  of  jurisdiction.  The  Council  did 
not  undertake  Constitutional  studies  of  the  right  to  procreate,  but  it  did  make  note  of  the  role  of  the 
federal  government  in  representing  the  interests  of  the  United  States,  as  world  leader,  to  the  rest  of  the 
world  majority. 

The  overview  book  chapter  describes  the  human  goods  that  informed  the  Council’s  decisions 
on  assisted  reproduction.  Instead  of  focusing  on  what  is  technologically  possible,  the  Council 
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concentrated  its  attention  on  what  biomedical  technologies  mean  for  freedom,  existence  vs.  non¬ 
existence,  well-being,  and  dignity.  Equality  served  as  the  conceptual  foundation  for  thinking  about 
issues  concerning  procreation:  “because  of  the  way  we  are  generated,  each  of  us  is  at  once  1)  equally 
human  2)  equally  marked  by  and  from  birth  as  mortal  3)  equally  enmeshed  in  a  particular  familial 
nexus  of  origin  4)  equally  individuated  in  our  trajectory  from  the  beginning  to  the  end  of  our  lives— 
and,  if  all  goes  well,  5)  equally  capable  (despite  our  mortality)  of  participating  with  a  complementary 
other  in  the  very  same  renewal  of  human  possibility  through  procreation”  (p.  1 1 ).  Based  on  freedom, 
equality,  and  dignity,  then,  the  decision  to  ban  cloning-for-children  proceeded  from  the  following  five 
categories:  1)  concepts  of  identity  and  individuality  (psychological  expectations  thereof)  2) 
manufacturing— the  notion  of  cloning  as  creating  products,  not  gifts,  could  lead  to  the 
commercialization  and  commodification  of  procreation  3)  eugenics,  cloning  might  follow  private 
pursuits  and  be  abused  by  certain  groups  4)  family  relations,  cloning  challenges  all  previous  history 
of  genetic  relationships  and  kinship  systems  5)  society,  the  generations  may  vie  for  control  of  their 
collective  future(s)  through  cloning. 

Regarding  cloning-for-biomedical-research,  the  Report  generally  reflects  two  competing 
cases.  The  key  issue  of  contention  derived  from  differing  perspectives  on  the  common  scientific  goal 
of  the  alleviation  of  human  suffering.  The  entire  Council  agreed  that  “no  human  being  and  no  society 
can  afford  to  be  callous  to  the  needs  of  suffering  humanity,  or  cavalier  about  the  treatment  of  nascent 
human  life,  or  indifferent  to  the  social  effects  of  adopting  one  course  of  action  rather  than  another.” 
Those  in  favor  of  cloning-for-research  argued  along  two  lines:  1)  the  human  embryo  has 
“intermediate  moral  status”  as  being  neither  fully  human  nor  otherwise,  and  when  cloned  with  a  focus 
on  service,  as  opposed  to  destruction,  could  be  limited  to  use  up  to  but  never  beyond  the  fourteenth 
day,  while  federal  rules  could  be  imposed  to  control  and  limit  possible  exploitation  of  women,  and  2) 
there  are  no  moral  issues  involving  the  early  embryo,  so  research  should  proceed  as  long  as  informed 
consent  was  upheld  and  scientific  integrity  maintained.  The  basic  arguments  opposing  cloning-for- 
research  focus  on  the  negative  connotation  of  cloned  embryos  as  “raw  materials  for  the  living.” 
Those  against  this  research  argued  that  based  on  potentiality,  the  human  embryo  should  be  considered 
with  and  granted  full  moral  status  as  a  developing  human  being.  Accordingly,  cloning  would  result  in 
a  weakening  of  respect  for  human  life,  the  only  source  of  shared  humanity,  and  once  moral 
boundaries  are  traversed,  the  results  are  irreversible;  humankind  would  be  forever  plagued  with 
exploitation  and  moral  harm  through  either  genetic  manipulation  or  the  transgressing  of  other, 
consequently  closer,  moral  hazards.  The  results  of  allowing  this  research  would  be  tantamount  to 
increased  suffering  of  generations  to  come,  while  placing  the  government  in  the  undesirable  position 
of  having  to  mandate  the  destruction  of  nascent  human  life. 

Although  several  of  the  personal  statements  lack  a  clear  position,  serving  mainly  to  clarify  or 
problematize  a  single  term/issue,  they  inject  the  book  with  a  vitality  that  the  official  Report  gilds. 
Doctor  of  cognitive  neuroscience  Michael  Gazzaniga  provided  one  of  the  more  rhetorical  responses. 
Beginning  with  a  quote  from  Oscar  Wilde  on  morality  and  hypocrisy,  Dr.  Gazzaniga  disagrees  with 
much  of  the  moral  reasoning  of  the  Report  on  the  basis  that  it  consisted  of  “unsubstantiated 
psychological  speculations  on  the  nature  of  sexual  life  and  theories  of  moral  agency”  (p.  290).  Dr. 
Gazzaniga  continues  with  demonstrative  “passion  for  what  is  at  stake”  by  discussing  the  differences 
between  “brain-alive”  and  non-sentience,  noting  that  the  embryos  in  question  are  no  larger  than  the 
dot  of  the  “i”  on  this  page,  fie,  too,  engages  in  terminological  warfare,  musing  that  cloning-for- 
research  should  perhaps  be  rephrased  “lifesaving  cloning”  (p.  291 ).  Dr.  Gazzaniga  concludes  by 
asserting  that  terrorism  and  disease  ought  to  be  thought  of  as  very  similar  on  account  of  their 
destroying  innocent  “women  and  children”  (p.  293),  ending  with- a  final  rhetorical  flourish  in  which  he 
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urges  the  President  to  “send  in  the  stem  cells  to  root  out  disease,”  exclaiming  that  “in  the  spirit  of 
these  times,  I  too  say  “Let’s  roll.’”  (p.  294). 

One  of  the  longest,  most  in-depth  statements  taking  up  potentiality  and  full  moral  respect 
came  jointly  from  Robert  George  and  Alfonso  Gomez-Lobo,  a  Professor  of  Jurisprudence  and  a 
Professor  of  Metaphysics  and  Moral  Philosophy  respectively.  Their  position  is  that  a  human  embryo 
is  a  whole  living  member  of  the  species  at  its  earliest  growth  stages,  developing  by  internally  directed 
processes.  They  assert  that  the  :  “I”  to  which  we  refer  to  ourselves  in  language  is  simultaneously  both 
physical  organism  and  the  mental  activity,  so  that  “ we  came  to  be  when  the  physical  organism  we  are 
came  to  be;  we  once  were  embryos,  then  fetuses,  then  infants,  and  so  on”  (p.  297).  By  this  logic,  the 
two  professors  attempt  to  demonstrate  that  being  a  whole  human  being  is  not  an  either/or  issue  of 
terminology  or  of  metaphysical  reality,  and  anticipate  three  arguments  that  question  the  granting  of 
full  moral  respect  to  the  embryo:  naturally  occurring  monozygotic  twinning  (where  they  explain  that 
the  pre-fourteen  day  old  embryo  in  fact  exhibits  intrinsically  directed  intercellular  communication, 
thus  proof  of  a  unitary  organism),  the  fact  that  people  do  not  naturally  grieve  for  losses  of  early 
embryos  (where  they  explain  that  emotions  are  affected  by  thoughts  about  humanity,  such  that 
arguments  about  natural  indifference  toward  loss  of  embryos  reflects  the  logical  flaw  of  circular 
reasoning),  and  the  fact  that  high  percentages  of  natural  pregnancies  end  in  spontaneous  abortions 
and/or  implantation  failures  (where  they  point  out  that  such  cases  may  be  used  in  arguing  from  a 
faulty  naturalistic  position  in  which  it  is  asserted  that  whatever  happens  in  “nature”  without  human 
intervention  must  be  morally  acceptable  and  that  subsequently  the  deliberate  destruction  of  embryos 
must  be  moral,  too).  Overall,  the  statements  offer  insight  into  the  nature  of  the  deliberations, 
demonstrating  where  various  ethical  lines  blur  and  what  influences  one  perspective,  distinguishing  it 
from  another  seemingly  equally  valid  perspective. 

As  a  student  interested  in  the  interface  between  science  and  philosophy,  I  found  this  book  to 
be  a  stimulating  work  of  remarkable  breadth,  albeit  driven  by  the  rhetorical  exigency  of  political 
circumstances  requiring  immediate  address.  The  book  represents  a  careful,  wary  approach  to  stem 
cell  research,  using  uncertainty  and  a  lack  of  long  term  studies  as  major  factors  in  determining  public 
policy.  Skimming  the  bibliography  suggests  that  the  overall  tenor  of  the  works  selected  tended  to 
focus  on  the  negative  aspects  of  cloning  and  the  shortcomings  of  myriad  stem  cell 
projects/experiments.  Failing  to  address  non- Western,  non-Christian  positions  in  depth,  the  Report  is 
somewhat  deficient  in  philosophical  content.  But  to  understand  the  implications  of  cloning,  one 
would  almost  need  an  omniscient  view  of  world  history  and  epistemology,  and  even  then,  knowledge 
of  the  “initial  conditions”  so  crucial  in  all  scientific  endeavors  may  not  lead  to  any  predicted  results. 
The  issues  that  come  to  the  fore  in  many  bioethical  discussions  cannot  be  resolved  by  recognition  of 
universal  verities  or  single  authorities.  However,  the  commissioning  of  this  Council  marks  progress 
made  in  the  opening  up  of  much  needed  public  dialogue  in  order  to  achieve  genuine  democratic  policy 
advisement.  Now  is  the  time  for  ever  more  brave  contemplation  of  our  dynamic  world  and  the 
responsibilities  we  share  in  determining  the  path  of  humankind  through  history.  If  Mr.  Huxley  were 
alive,  1  wonder,  would  he  find  cause  for  lamentation  or  celebration? 

***Full  transcripts  of  the  individual  Council  sessions  may  be  obtained  at  www.bioethics.gov 


Stephen  Rygiel  is  presently  a  graduate  student  in  biomedical  science  at  the  University  of  Alabama  at 
Birmingham.  This  review  was  written  as  a  component  of  a  special  problems  graduate  writing  course 
in  bioethics  mentored  by  James  T.  Bradley  while  SR  was  an  M.A.  student  in  English  at  Auburn 
University. 
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BOOK  REVIEW 

THE  FUTURE  OF  HAPPINESS 


Lynne  Sanders 
Biomedical  Sciences 
Auburn  University 
Auburn,  AL  36849 


The  Science  of  Happiness,  Stephen  Braun.  161  pp.  plus  bibliography  and  index.  New  York,  NY, 
John  Wiley  &  Sons,  Inc.,  2000. 

Steven  Braun’s  preface  to  The  Science  of  Happiness:  Unlocking  the  Mysteries  of  Mood 
challenges  readers  to  ask  whether  using  drugs  to  enhance  happiness  is  unnatural,  possible,  or  even 
desirable.  In  the  preface  he  describes  how  he  came  to  write  about  the  chemistry  of  happiness. 
Intrigued  by  an  article  in  an  airline  magazine  titled  “Forget  Money;  Nothing  Can  Buy  Happiness,” 
Braun  began  to  wonder  if  happiness,  everyone’s  ultimate  goal,  might  really  be  a  more  a  product  of 
our  biology  than  of  our  circumstances  in  life.  If  so,  are  peoples’  experiences  and  efforts  to  be  happy 
largely  irrelevant  and  futile? 

Certainly  both  biological  and  external  factors  can  affect  one’s  level  of  contentment  at  any 
point  in  time,  but  what  are  the  relative  strengths  of  these  factors  for  long  term  happiness?  Braun 
argues  that  the  answer  to  this  question  will  guide  the  future  of  R&D  within  the  pharmaceutical 
industry  and  also  the  paths  persons  will  follow  in  their  searching  for  happiness  in  the  2  U'  century. 

Braun  is  a  medical  writer  with  an  interest  and  research  experience  in  neuroscience.  This 
background  and  information  gained  from  interviews  with  scientists,  psychologists,  and  many  mood- 
modifying  drug  users  lends  credibility  to  his  authorship  of  a  book  about  the  chemistry  of  happiness. 
Scientists’  views  appeal  to  our  analytical  side,  while  the  personal  stories  evoke  our  compassion. 
These  dual  perspectives  voiced  in  non-technical  language  make  the  book  an  enjoyable  read. 

Braun  grabs  our  attention  in  Chapter  1 ,  “Prozac:  The  Next  Generation,”  with  a  quotation 
from  Aldous  Huxley’s  1932  classic,  Brave  New  World'.  “Two  thousand  pharmacologists  and  bio¬ 
chemists  were  subsidized...  Six  years  later  it  was  being  produced  commercially.  The  perfect  drug. 
Euphoric,  narcotic,  pleasantly  hallucinant.  All  the  advantages  of  Christianity  and  alcohol;  none  of 
their  defects.  Take  a  holiday  from  reality  whenever  you  like,  and  come  back  without  so  much  as  a 
headache  or  a  mythology.  Stability  was  practically  assured.”  And  Braun  brings  us  into  the  present: 
“We  are  in  a  revolutionary  new  age  of  pharmacology”  (p.  xii),  and  “the  rapid  pace  of  discovery  in 
neuroscience  and  pharmacology  makes  the  development  of  safer,  more  side-effect-free  mood-altering 
drugs  a  virtual  certainty”  (p.  135).  Braun  is  convincing.  There  are  ethical  issues  here  that  need  to  be 
addressed  immediately. 

The  corporate  developer,  manufacturer,  and  marketer  of  Prozac,  Eli  Lilly  &  Co.  in 
Indianapolis,  Indiana,  has  garnered  30%  of  its  net  sales  from  this  anti-depressant  in  recent  years. 
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But  in  December,  2003,  its  20  year  patent  expired,  meaning  that  any  pharmaceutical  company  can 
now  manufacture  and  sell  generic  fluoxetine.  So  it  is  not  Huxley’s  brave  new  world  government  that 
is  now  pushing  Lilly  and  other  drug  companies  to  create  a  more  perfect  happiness  drugs  to  displace 
Prozac,  rather  it  is  corporate  competition  for  billions  of  dollars  of  profit.  Critical  to  the  development 
and  future  use  of  psychotropic  drugs  like  Prozac  is  the  concept  of  a  happiness  “set  point,” 
corresponding  to  one’s  normal  level  of  happiness  and  derived  from  an  individual’s  biological  make¬ 
up. 

In  the  second  chapter,  “Set  Point,”  happiness  is  defined  as  a  long  term  pleasure  which  people 
seek  through  various  goals.  Braun  cites  studies  by  psychologists  Ed  Diener  and  David  Meyers  that 
show  no  direct  relationship  between  happiness  and  biologically  external  variables  like  money,  social 
class,  and  career  type.  Happiness  is  obtained  by  internal  factors  such  as  outlook,  temperament,  and 
personality.  The  relevance  of  this  finding  for  the  pharmaceutical  industry  is  apparent.  If  happiness  is 
primarily  biologically  based,  and  if  the  crucial  biology  is  brain  chemistry,  then  all  persons  can  live 
happier  I  ives  through  chemistry.  Braun  adds  further  support  for  this  view  by  citing  surveys  indicating 
that  wealthier  countries  do  not  contain  happier  citizens,  wealthier  persons  within  the  United  States  are 
not  happier  than  the  less  wealthy,  degree  of  happiness  is  unrelated  to  race,  the  college  educated  are  no 
happier  than  high  school  dropouts,  rising  income  levels  are  not  accompanied  by  rising  levels  of 
happiness,  and  lottery  winners  do  not  report  increased  levels  of  happiness. 

Because  statistically  married  people  are  happier,  Braun  poses  the  question  of  whether  this  is 
due  to  happier  people  being  more  likely  to  marry  or  to  the  fact  that  marriage  brings  happiness.  The 
underlying  question  is  whether  happiness  drives  life  events  or  conversely,  whether  life  events  drive 
perceived  levels  of  happiness.  According  to  Braun,  psychologist  David  Meyers  has  suggested  that 
happier  people  may  tend  to  marry  earlier,  leaving  older,  less  contented  people  to  marry  later; 
however,  surveys  find  no  difference  in  the  happiness  levels  between  those  who  marry  early  and  late 
(p.37).  Happiness  seems  dependent  upon  a  continuous  interaction  between  one’s  environment  and 
one’s  temperament. 

Braun  suggests  that  temperament  is  genetically  based,  stable  over  the  long  term,  and  has  a 
determining  influence  upon  happiness.  Life  events  may  cause  temporary  depression  or  euphoria,  but 
one’s  mood  then  returns  to  its  set  point  relatively  quickly.  Braun  cites  Diener  to  suggest  that  the  more 
extreme  the  mood-provoking  event,  the  longer  it  takes  to  restore  the  set  point  of  mood  (p.45).  It  is 
this  set  point  that  Braun  believes  can  be  influenced  by  chemical  intervention  with  psychotropic  drugs. 

Braun  uses  Cartesian  plots  to  illustrate  mood  fluctuations.  On  the  y-axis  is  a  range  of  moods, 
while  time  is  plotted  on  the  x-axis.  The  happiness  set  point  is  represented  by  a  straight  line  parallel  to 
the  x-axis.  Sample  plots  illustrate  differences  between  typical  and  dysfunctional  mood  profiles. 
Autistic  persons  have  little  emotional  reactivity  due  to  minimal  levels  of  perception  and  response  to 
the  emotional  cues  from  the  people  around  them;  therefore,  their  mood  profiles  are  relatively  flat.  By 
contrast,  manic-depressives  have  mood  profiles  with  extreme  amplitudes.  Yet,  in  all  cases,  a  set  point 
about  which  moods  oscillate  is  discemable. 

The  average  human  set  point  does  not  appear  to  be  at  a  neutral  spot  midway  between 
euphoria  and  depression.  Rather,  most  peoples’  set  points  are  slightly  above  neutral.  In  other  words, 
most  people  are  moderately  happy  (p.47).  Recently  identical  twins  have  been  studied  to  explore  the 
genetics  of  a  happiness  set  point.  Lykken  and  Tellegen  at  the  University  of  Minnesota  estimate  the 
heritability  of  the  set  point  to  be  about  80%  (p.5 1 ).  Braun  writes  that  drugs  such  as  Prozac,  Zoloft, 
and  Remeron  raise  the  happiness  set  point,  and  in  Chapter  three,  “The  Machinery  of  Mood,”  he  gives 
some  insight  into  the  mechanisms  of  how  this  might  be  accomplished. 

In  Chapter  4,  “Listening  to  Depression,”  we  learn  of  the  work  of  Emmy  Gut,  a  Swedish 
psychotherapist,  who  argues  that  depression  is  adaptive.  Depression  may  have  been  selected  for 
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during  evolution  because  it  alerts  us  to  problem  areas  in  our  life;  therefore,  depression  is  only  a 
symptom  and  not  something  we  should  strive  to  cure.  The  problem  needs  to  be  cured,  not  the 
depression.  In  the  final  chapter  of  the  book  this  is  countered  with  several  specific  case  examples 
where  antidepressants  appear  to  have  enriched  people’s  lives  by  helping  them  fall  in  love,  raise 
children,  overcome  debilitating  depression,  or  find  a  spiritual  connection.  In  fact,  throughout  the 
book,  Braun  does  an  admirable  job  of  presenting  both  the  pros  and  cons  of  drug  use  to  influence 
mood. 

Chapter  5,  “Selling  Happiness,”  warns  that  psychotropic  drugs  are  not  as  good  as  drug 
companies  may  claim.  Hundreds  of  millions  of  dollars  are  invested  in  R&D  for  every  new  drug  that 
gets  to  market.  The  process  of  gaining  approval  from  the  U.S.  Food  and  Drug  Administration  to  sell  a 
drug,  convincing  doctors  to  prescribe  the  drug,  and  convincing  patients  to  buy  the  drug  are  also 
monumentally  expensive  challenges  (p.  1 09).  The  pressure  of  competition  between  drug  companies 
falls  squarely  on  the  shoulders  of  each  company’s  employees,  from  top  to  bottom  with  salespeople 
supporting  the  entire  structure.  It  is  no  wonder  that  boiler  rooms  of  deception  and  the  promulgation 
of  incomplete  information  often  emerge  from  such  an  environment,  with  the  consumer  as  the  victim. 
Several  such  instances  are  detailed  in  Chapter  5.  For  example,  since  drug  companies  are  allowed  to 
select  the  scientists  who  conduct  drug  trials  and  to  control  the  use  of  the  data,  the  stage  is  set  for  data 
manipulation  to  emphasize  drug  safety  and  effectiveness  and  to  de-emphasize  negative  results  and 
undesirable  side  effects.  Also,  marketing  efforts  may  include  attempts  to  redefine  an  illness  to 
broaden  the  pool  of  potential  patients.  Braun  tells  of  five  cases  in  which  drug  companies  have 
wrongfully  pushed  their  drugs  onto  the  market.  He  claims  that  people  are  more  naive  when  it  comes 
to  purchasing  drugs  because  they  tend  to  trust  doctors  and  do  not  exercise  the  degree  of  skepticism 
they  would  toward  a  car  sales  person.  It  is  an  eye  opener  to  hear  how  easily  drug  companies  like  Eli 
Lilly  can  exploit  loopholes  in  FDA  regulations  to  see  that  their  drug  gets  to  market.  Anybody 
considering  taking  a  psychotropic  drug  should  read  Chapter  5  before  purchasing  their  prescription. 

Throughout  his  book  Braun  provides  specific  examples  and  references  several  surveys  to 
support  his  points.  At  the  end  of  the  book  he  includes  a  list  of  references  by  chapter,  which  is 
valuable  for  persons  wishing  to  delve  deeper  into  the  issues. 

All  of  this  considered,  Stephen  Braun  still  favors  the  continued  development  of  psychotropic 
drugs  and  urges  more  research  aimed  at  understanding  how  these  mind-altering  chemicals  work.  This 
book  is  undoubtedly  among  the  first  of  many  more  to  come  that  will  address  ethical  issues 
surrounding  neuropharmacological  research  and  drug  marketing.  Francis  Fukuyama,  a  member  of  the 
President’s  Council  on  Bioethics,  warns  that  neuropharmacology  is  the  most  urgent  of  all  of  the  new 
biotechnologies  to  control  because,  unlike  reproductive  cloning  and  genetic  enhancement,  it  is  upon 
us  now  and  apt  to  soon  become  an  important  means  for  controlling  human  behavior  {Our  Posthuman 
Future:  Consequences  of  the  Biotechnology  Revolution ,  2002,  p.42).  Braun  himself  points  out  one 
of  the  main  reasons  for  this  urgency.  Psychotropic  drug  use  has  a  unique  ethical  dimension  in  that  it 
involves  self-administration  of  a  chemical  that  affects  the  very  same  organ  that  must  be  used  in  order 
to  decide  whether  to  use  that  chemical. 


Lynne  Sanders  has  a  B.S.  degree  in  Biomedical  Sciences  from  Auburn  University.  This  review  was 
written  for  an  undergraduate  Bioethics  Research  course  with  mentorship  and  editing  by  James  T. 
Bradley,  Department  of  Biological  Sciences,  331  Funchess  Hall,  Auburn  University,  AL  36849. 
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